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FOREWORD
 
This document consists of two volumes: Volume I, the Executive Summary,
 
and Volume I, the detailed Proceedings. Volume I was prepared from
 
Volume II and is being more widely distributed. Copies of Volume I (or
 
additional copies of Volume II) may be obtained from Ralph Caldwell,
 
507-108, DAC Project Manager, Jet Propulsion Laboratory, California
 
Institute of Technology, 4800 Oak Grove Drive, Pasadena, California 91103
 
(telephone: (213) 577-9162, (FTS) 792-9162).
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DAC WORKING GROUP DOCUMENTATION PROCEDURE
 
It is important to the interpretation of the results
 
presented in this document to understand how it was prepared. It is
 
not a transcript of the DAC Working Group meeping, but rather a com­
pilation of the statements and recommendations made by participants.
 
The meeting consisted of panel discussions, informal presentations, and
 
small group discussion sessions. Information was collected in the form
 
of written notes, tape recordings and transcripts, questionnaires, and
 
submittals from participants. These source documents were collected by
 
the contracted documentation manager, ESC Energy Corporation, for prepa­
ration of the final documents. The raw data from the various sources
 
was loosely organized; consisting as it did of a collection of individual
 
and group comments and questions. The documentation contractor then
 
performed the task of distilling, organizing, and transforming this raw
 
data into a brief statement of the issues and recommendations made by
 
the Working Group participants. The tape recordings were retained as
 
a back-up resource to assure that the final documents'accurately reported
 
the activities and conclusions of the meeting without editorial
 
inaccuracies.
 
it is important to recognize that the Working Group activi­
ties led to statements of issues, uncertainties, and needed actions
 
which may or may not be consistent with the views of each of the organi­
zations represented. These statements are included in the final docu­
mentatioi as presented; no attempt is made to point out or reconcile
 
inconsistencies.
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SECTION 1
 
INTRQDUCTION
 
The meeting of the Distribution Automation and Control (DAC)

Working Group was held at Hunt Valley Inn, Baltimore, Maryland, on
 
November 20-22, 1978. -It was sponsored by the Department-of Energy
 
(DOE), Division of Electric Energy Systems, and was conducted-by the
 
Jet Propulsion Laboratory (JPL). Approximately 35 people attended,
 
among them electric utility company representatives, manufacturer's
 
representatives (from companies having power distribution systems
 
experience), and representatives of the Electric Power Research Insti­
tute (EPRI), DOE, JPL, and Oak Ridge National Laboratory (ORNt) (see
 
'Appendix B).
 
The meeting was held to provide a forum in which electric
 
utilities could communicate with each other, with DOE, and with DOE's
 
contractors regarding research, development, and demonstration efforts
 
to apply DAC to the electric power system (see Appendix C, Agenda).
 
In these discussions emphasis was to be placed-on identifying the
 
priorities and needs for DAC development.
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SECTION 2
 
PURPOSE
 
The Distribution Automation and Control (DAC) Working Group
 
was brought together to reach a common'understanding on:
 
(I) 	 The key issues and uncertainties to be resolved prior
 
to the economic application of Distribution Auto­
mation and Control Systems to Load Management, Dis­
tribution System Management, Emergency State Control*,
 
and Unconventional Energy Resources.,
 
(2) 	.The existing state of the art in DAC, and current
 
research, development, and demonstration.
 
(3) 	 Specific requirements for further research, develop­
ment, and demonstration in the area of DAC.
 
*This term was later revised by the Working Group Session.
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3.1 
3.2 
SECTION 3
 
APPROACH
 
The Working Group gathered together individuals and
 
organizations working in various aspects of Distribution Automation
 
and Control including those clearly related to the Technical -Motivations
 
(Load Management, Distribution System Management, Emergency State Con­
trol, and Unconventional Energy Resources). The meeting bonsisted of
 
a number of introductory presentations, panel and plenary sessions,
 
discussions, and nine working sessions of interactive discussions.
 
Through use of a workshop format, the participants shared experiences,
 
concerns, ideas, and insights, having the advantage of hearing and
 
responding to others with similar interests. The use of a workshop
 
structure, procedures, and materials provided a basic framework for
 
discussions. The meeting's activities revolved around the four Tech­
nical Motivations and six Areas of Issues.-

TECHNICAL MOTIVATIONS
 
Technical Motivations are the broad functions to which DAC
 
can be applied to enhance operation of the electric utility system.
 
(1) Load Management. 
(2) Distribution System Management. 
(3) Preventive, Emergency, and Restorative State Control*. 
(4) -Unconventional Energy Resources Management. 
AREAS OF ISSUES
 
Areas of Issues are groups of interrelated questions or
 
problems that must be resolved before DAC can be applied to the
 
Technical Motivations.
 
(1) Economic and Institutional Issues
 
(2) DAC Control Hierarchy.
 
(3) Communication System Alternatives
 
(4) DAC Impact on System Design.
 
(5) DAC Functional Requirements.
 
(6) New Source Integration.
 
*As renamed and redefined by Working Group Session.
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SECTION 4
 
OVERALL RESULTS AND STATEMENTS OF THE DAC WORKING GROUP
 
During the course of the interactive Working Group meetings,
 
it became clear that there were a number of recurrent issues, questions,
 
recommendations, and general statements. A review of Sections 7.1
 
through 7.9 reveals that even in the context of different topics, cer­
tain concerns were being voiced over and over again. This section
 
summarizes the major statements of most concern to the workshop parti­
cipants. Recommendations regarding the next important steps in DAC
 
development, as discussed by the participants in the summary session
 
at the end of the workshop, are listed in Section 5.
 
Economics
 
The cost effectiveness of each DAC component and the overall
 
system must be demonstrated credibly. A full system field demonstration
 
would be quite helpful in this endeavor. Economic justification is
 
almost always a prerequisite for implementation. Exceptions may be
 
applications that are forced by absolute functional necessity or
 
regulation.
 
Public Awareness and Education
 
The public sector is not well informed about the advent of
 
DAC technology and its potential effects, especially in load management.
 
Each utility should accept responsibility for educating its customers
 
and preparing them-for any changes.
 
Communications and Reliability
 
The communication system is perhaps the most vital element
 
of the DAC system. Since it transfers all of the metering information,
 
data, equipment commands, etc., it must be extremely reliable. Work
 
in developing improved communication alternatives must continue. One
 
need is readily identifiable: more frequency bands should be allocated
 
to electric utilities for use in load management and distribution
 
automation.
 
DAC Specification by Utilities
 
DAC systems must be specifically designed on a case-by-case,
 
utility-by-utility basis to meet individual needs. Therefore, there
 
must be a free exchange of system requirements between utilities and
 
researchers and manufacturers, to assure that systems developed for the
 
"general case" are appropriate for the specific case. Clearer identi­
fication of DAC functions is required.
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Regulation With Utility Input
 
Regulations can drastically affect new technology develop­
ments, such as DAC technology, especially when applied in the utility
 
industry. Utilities therefore need to assume a more active role in
 
communicating needs to regulators and in monitoring new legislation.
 
Emergency Conditions - A Top Priority
 
Much discussion time was spent on what a DAC system should
 
do in certain preventive, emergency, and restoration situations. Even
 
though emergencies account for only a small fraction of any system's
 
operating time, DAC systems should be designed with emergency response
 
as a chief concern.
 
New Challenges from Dispersed Storage and Generation
 
As new energy technologies, cogeneration, and dispersed
 
storage begin to represent a significant total power source, the utili­
ties must find ways of accommodating these dispersed sources. Many
 
issues are involved in a successful implementation, including interface
 
designs and control hierarchies for the dispersed units, and some of
 
these issues must be dealt with soon. The ownership of dispersed gen­
eration units is a significant concern and must be taken into consid­
eration in power control systems designs. Thus, well defined role
 
statements for privately owned units are needed for both normal and
 
emergency operations.
 
Minimization of Social Impacts
 
DAC development should be aimed at minimizing forced social
 
changes by the consumer. The goal should be to use DAC to more effec­
tively and efficiently meet all of the public's power needs without
 
requiring alterations in life styles. At the least, a choice of service
 
options should be offered to the customer.
 
New Effects on Reserve Requirements
 
How DAC will affect reserve requirements is not known and
 
should be established.
 
Standard Means of Evaluation and Definitions
 
The industry needs a set of standards, including stan­
dardized methodologies, for economic and engineering feasibility
 
analyses of DAC. There is also a need for standardization of the new,
 
specialized terms accompanying the growth of this new technology.
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Specifically, terms such as "load management" and "distribution
 
automation and control" appear to mean different things to different
 
persons in the industry.
 
Relationship of DAC Systems to Distribution System Management
 
As a result of the Working Group's efforts, the relation­
ship of DAC to overall management and operation of distribution systems
 
was clarified. If distribution system management is defined as the
 
control and direction of the planning, design, construction, operation,
 
and maintenance of the distribution system to provide safe, economical,
 
high quality service to the customer, then DAC systems are those sys­
tems which provide for communications and control in support of dis­
tribution system management. Thus, a DAC system monitors and controls
 
the total distribution system, including any dispersed storage and
 
generation, and load control devices or subsystems, under all power
 
system states.
 
Data Needs
 
More data on customer reactions to load control, and on
 
the real results of load deferral, etc., is needed before load manage­
ment and related DAC systems can be adequately designed.
 
Independent RD&D
 
There is a great deal of activity in DAC and related
 
technology within the industry, but implications from these numerous
 
activities are not-usually considered in an overall, comprehensive
 
fashion.
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SECTION 5
 
SUMMARY SESSION
 
On the last day of the conference, nearly all of the
 
participants gathered to share their thoughts-on what the DAC Working
 
Group had accomplished, where it could have been improved, and what the
 
next steps should be in the ongoing development of DAC technology.
 
Opening Remarks - David L. Mohre, DOE
 
The session began with a few remarks by David L. Mohre of
 
the Department of Energy, on his view of the accomplishments of the
 
DAC Working Group as seen from the DOE perspective. A synopsis of
 
Mr. Mohre's comments is given here.
 
At the end of a meeting such as the DAC Working Group, one
 
must ask if the desired objectives were met. We are pleased that this
 
workshop has been reasonably successful in meeting its objectives. The
 
use of discussion sessions, panels, presentations, and a mountain of
 
paperwork, has helped us more fully understand the issues facing DAC
 
development and what priority they represent to the industry. We felt
 
it was appropriate at this time to hold such a meeting as an opportunit3
 
to "check-in" with the industry after nearly-3-1/2 years and approxi­
mately $7 million dollars of effort have been expended on RD&D related
 
to DAC, by DOE and EPRI combined. The feedback provided during the
 
workshop is of great value to us.
 
The workshop was also successful in that it provided an
 
excellent forum for the utility companies to converse with one another
 
and discover what is being done in DAC development by other companies
 
and organizations. The participants at this workshop have commented
 
that this opportunity for interaction has been quite beneficial and­
should be continued. We at DOE recognize that benefit and support a
 
continued dialogue within the power community.
 
DOE will continue its efforts to assist the utility industry
 
through DAC, RD&D and will, as a result of this meeting, make a special
 
effort in
 
* 	 Dealing with regulators and regulations.
 
0 
 Gathering and locating information.
 
o 	 Maintaining an ongoing dialogue on DAC developments 
within the industry. 
We will also produce a document from the results of the 
DAC Working Group which will be of use to the participants and inter­
ested members of the utility community. As always, we welcome your 
comments fnd will do everything we can tq respond tq your requests. 
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Participant Comments
 
The major comments made by the participants during this
 
session are summarized here:
 
(1) 	 Future meetings such as the DAC Workshop would be
 
helpful, especially in continuing to find out what
 
other companies are doing in DAC. Specific questions
 
should be addressed at other meetings-such as:
 
(a) 	Regulations - What will they be and how should
 
utilities influence their formation?
 
(b) 	 Controllable loads - What are the best types
 
of DAC applications especially related to
 
load management?
 
(e) 	What is a feasible standard approach for
 
assessing economic feasibility of these
 
systems?
 
(c) 	 What are DOE contractors (other than JPL 'nd
 
ORNL) doing in DAC, and what input should they
 
receive from the utility community?
 
(e) 	 How will new forms of energy theft and system
 
tampering by use of advanced electronics be
 
dealt with? What is the potential impact of
 
such 	thievery?
 
(f) 	 Should DAC systems be integrated with control
 
of other utilities such as gas and water?
 
Perhaps a joint meeting would be appropriate.
 
(2) 	Formal or informal working groups (ad hoc, EEl, etc.)
 
should be formed to establish industry wide defini­
tions of "new" terms in the AG field. Particularly
 
important definitions include
 
(a) 	 Load management.
 
(b) 	 Dispersed storage and generatf­
(c) 	 Emergency conditions.
 
(d) 	 DAC.
 
(e) 	DAC communications.
 
(3) 	A common catchall term should be agreed upon which
 
embraces the entire field so as to avoid the use,
 
interchangeably, of the terms automatic meter reading,
 
load management, or DAC as the appropriate title.
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(4) 	 Since the task of developing DAC is immense,
 
development must be carried out in a number of areas
 
in parallel. One possible way of organizing DAC
 
development would be to divide it into three areas:
 
(a) 	 Technology development (hardware and component
 
design and costs).
 
(b) 	 Economics (cost/benefit analysis).
 
(c) 	 Public acceptance (surveying, educating, and
 
preparing customer for DAC).
 
Some organization should be designated to oversee
 
the formation of multidisciplinary working groups
 
for each of these three (or more) areas.
 
(5) 	More system demonstrations are needed, particularly
 
a totally integrated DAC system for meter reading,
 
time-of-day rate management, load management, emer­
gency control, integration of dispersed storage and
 
generation, etc.
 
(6) 	 The DAC Working Group, especially the chairmen, 
should be regularly contacted by DOE, JPL, and ORNL 
regarding future developments in the government's 
research program. 
Most of the participants felt that the DAC Working Group
 
meeting was generally beneficial to the utility and government communi­
ties. They felt that such a forum was necessary for the realistic
 
application of DAC-potential within the utility industry and for utility
 
input to other development oriented organizations. The reason that the
 
meeting did not produce many specific, detailed economic or engineering
 
conclusions was understood and accepted by most participants. It was
 
successful in initiating the dialogue necessary to properly manage the
 
development of DAC technology. The DAC Working Group meeting may
 
therefore be called a successful beginning, but only a beginning.
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6.1 
SECTION 6
 
PRESENTATIONS
 
During the DAC Working Group meeting, a number of presen­
tations were made 'as foundations to the interactive discussion
 
sessions. 
The first four presentations (Sections 6.1, 6.2, 6.3,-'6.4)
 
were given during the first few hours of the Working Group meeting to
 
act as an introduction to the topic of 'DAC.
 
The fifth presentation (Section 6.5) was an informal after­
dinner talk to familiarize the participants with a rapidly growing
 
unconventional energy resource technology: solar power technology.
 
DOE OVERVIEW
 
David L. Mohre, Chief, Load Management Branch*
 
Division of Electric Energy Systems
 
United States Department of Energy
 
NOTE
 
As the DOE representative sponsoring the Dis­
tribution Automation and Control (DAC) Working 
Group, Mr. Mohre provided an informal descrip­
tion bf DOE's involvement and interest in DAC. 
Below-is-a brief synopsis of the major points 
contained in'his comments. 
The DAC Working Group was called as a small, informal
 
meeting, by invitation only. The size was kept small, despite much
 
interest in attendance, in order to maximize interaction among the
 
participants and permit a good dialogue between government, the utili
 
industry, researchers, and some manufacturers. The meeting was spon­
sored by the Load Management Branch within the Division of Electric
 
Energy Systems of the Department of Energy.
 
The Load Management Branch's task is basically research,
 
development, and demonstration of advanced power systems, not regula­
tion or policy formation. Members of the group have extensive utilit
 
industry experience and are thus quite competent in the major respons
 
bilities of developing R&D objectives and managing research contracts
 
Some research is actually performed "in-house" by government labora­
tories. Oak Ridge National Laboratory, of nuclear power fame, is
 
*Position and title as of the date of the Working Group meeting.
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responsible for power systems studies in load management and
 
dispersed storage and generation, as well as many demonstration
 
projects.
 
The Jet Propulsion Laboratory, known for its efforts in
 
unmanned space flight and communications developments, is working in
 
distribution automation and control. Consequently, JPL is the primary
 
sponsor of this DAC Working Group. As technical people and researchers
 
DOE also works quite closely with the Electric Power Research Institute
 
(EPRI). We have interests and operations similar to those of EPRI;
 
however, EPRI is working primarily fpr the utility industry's concerns,
 
and DOE operates from the perspective of national energy concerns.
 
These areas do overlap, so cooperation to avoid redundant efforts is
 
carried on through sharing information and performing joint DOE/EPRI
 
projects.
 
The DOE involvement in load management and distribution
 
automation and control is directed at four major objectives:
 
(1) 	 Improved overall system efficiency in the use of
 
both capital and energy.
 
(2) 	 Increased market penetration of coaw, nutUeaL, auU
 
renewable domestic energy sources.
 
(3) 	Reduced reserve requirements in both transmission
 
and generation.
 
(4) 	 Increased reliability of service to essential
 
loads'
 
It should be noted that these program objectives do not include an
 
overall reduction in power generation or consumption, nor do they
 
advocate that the public be required, or even requested, to alter its
 
lifestyle by radical methods of conservation or socioeconomic change.
 
In the past, power system planning, simply stated, dealt
 
with the production and delivery of power. The analysis that was per­
formed looked, technically and economically, at the generation,
 
transmission, and distribution components of the total system.' Load
 
management, by means of DAC systems, extends the planning process past
 
production and delivery to include energy use. We must still justify
 
the system technically and economically, but we must also inspect the
 
energy forms involved from the national interest point of view. In
 
addition, the added components of control and communications and
 
energy storage in the delivery stage of power production must now be
 
considered.
 
It is this new approach to power planning for advanced
 
utility systems that is being considered in the DOE program. There­
fore, this meeting was called to solicit the input of the industry to
 
assure that DAC development is properly managed to meet the demands
 
and needs of our future utility systeyn'­
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6.2 EPRI OVERVIEW
 
Dr. William E. Blair, Project Manager
 
Electrical Systems Division, EPRI
 
NOTE
 
Dr. Blair represented the Electric Power Research
 
Institute (EPRI) at the DAC Working Group and
 
reviewed EPRI's involvement in DAC-related researc
 
His comments particularly focused on the develop­
ment of communications systems and the joint DOE/
 
EPRI demonstration program. The highlights of his
 
slide presentation are synopsized here.
 
EPRI has developed a listing of requirements for d
 
bution automation systems. The required functions include
 
* Fault isolation and control.
 
* Distribution feeder switching/sectionalizing.
 
* Capacitor switching.
 
* Voltage regulation and control.
 
* Substation equipment control and metering.
 
* Customer load control.'
 
* Time-of-day.
 
* Remote meter reading.
 
These elements provide the foundation for the development and analysis
 
of advanced distribution systems.
 
EPRI has made particularly extensive efforts in the area
 
of the communication systems required to support and operate diseri­
bution automation and control systems. 
 EPRI and DOE have chosen three
 
communications concepts to test. These concepts are power line car­
rier (PLC), radio carrier (RC), and telephohe carrier (TC). Each of
 
these types of systems have various advantages and disadvantages, liste
 
below:
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Advantages Disadvantages
 
POWER LINE CARRIER
 
Owned and controlled by Utility system must be
 
utility conditioned
 
Considerable auxiliary
 
equipment
 
Communication system fails if
 
poles go down
 
RADIO CARRIER
 
Owned and controlled by Subject to interference by
 
utility buildings and trees
 
Point-to-point communication
 
Terminal equipment only
 
TELEPHONE CARRIER
 
Terminal equipment only Utility lacks control
 
Carrier maintained by phone Ongoing tariff costs
 
company
 
New telephone drops must be
 
added
 
Installation requires house
 
wiring
 
Communication system fails if
 
poles go down
 
EPRI is currently involved in a joint demonstration project
 
with DOE involving five different utility-manufacturer teams. Three
 
of these test systems are of the PLC type and one each of the RC and
 
TC types. Each demonstration is designed to be maximally representa­
tive and informative by meeting certain minimum requirements. Each
 
host system has at least
 
* 700 customer meter points.
 
0 
 50 distribution control and monitoring points.
 
* Two or more substations. 
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6.3 
* 	 Three or more feeders.
 
* 	 Underground and overhead feeders.
 
* 	 Urban, suburban, and rural feeders.
 
* 	 Industrial, commercial, and residential
 
customers.
 
Each of the utility systems includes a central
 
customer transmitter/receiver at each meter, and a transmitter/receiver
 
at each distribution control point, also auxiliary equipment.for the
 
PLC systems.
 
This is an extensive project which should provide signifi­
cant results starting in mid-1979, and will be completed by September
 
1980. The project exemplifies the cooperation between EPRI and DOE
 
and shows EPRI's commitment and involvement in DAC development.
 
ELECTRIC UTILITY SYSTEM CONTROL IN THE YEAR 2000
 
Dr. Fred C. Schweppe
 
Professor, Electric Power System Laboratory
 
Massachusetts Institute of Technology
 
Abstract from "Homeostatic Utility Control"*
 
Homeostatic utility control is defined similarly to
 
"homeostasis" in relation to biological functions in humans. It
 
denotes a type of utility system control wherein the generation/supply
 
is in equilibrium with the demand/load, by means of advance control
 
and communication devices. Classical supply-demand interaction has
 
been primarily controlled by the user. The users have total free will
 
regarding their power use, and the utility simply does what is neces­
sary to reliably meet the power demands of their customers. At the
 
other end of the spectrum, total utility control over customer loads
 
could be an effective mechanism for maximizing the utility's efficiency
 
but would be undesirable to the customer. Homeostatic control can
 
provide the utility predictable and smooth load curves to facilitate
 
careful capital planning and maximize generation efficiency. It can
 
also satisfy the customers' desires for free will autonomy over their
 
power use by the institution of two new elements, the Energy Market
 
Place and the Frequency Adaptive Power Energy Rescheduler (FAPER).
 
*This 	Abstract refers to' a paper by Fred Schweppe, Richard Tabors,
 
and James Kirtley of MIT entitled Homeostatic Utility Control,
 
and accurately summarizes Dr. Schweppe's comments at the DAC Working
 
Group 	meeting.
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The Energy Market Place is established by means of having
 
two-way communication from the utility to the load points, which per­
mits the utility to regularly compute an accurate "spot price," perhaps
 
every 5 minutes or so, which accounts for the actual cost of producing
 
power at that point in time. This spot price would take into account
 
the total load, generating efficiencies, fuel costs, losses, weather
 
peculiarities affecting the utility system, etc., and be calculated
 
by a complex set of equations approved by the Public Utility Commission.
 
The FAPER would assist in controlling various components of a single
 
customer's load according to the rise and fall in the line frequency,
 
acting somewhat like a governor. The Energy Market Place would work
 
by means of allowing the customer to "automatically" balance the load.
 
Customers could choose to install a unit at their load point which
 
would be sophisticated enough to predict price patterns and plan a
 
maximally cost effective load curve. The FAPER could also be designed
 
to intelligently consider certain price and load patterns.
 
The control and communication technology required for the
 
user's meter and price announcing unit, the two-way communication
 
system, and the utility generation control and price computing devices
 
is not trivial, but neither is it beyond today's capability. The most
 
significant problems to be overcome relate to regulation, customer
 
acceptance, and utility acceptance of such an entirely new way of
 
doing business in the utility industry. Nevertheless, the advantages
 
should be examined as they warrant solving these problems.
 
By smoothing out load requirements predictable, homeostatic
 
utility control will>permit less capital outlay due to higher running
 
efficiencies and smoother operation of generating units having less
 
system fluctuation. Downstream minor variations are handled at the
 
site by the user's economic choices related to the "spot price" of
 
electricity and the FAPER's activity. This control scenario also per­
mits free will use by the customer in regard to the timing and amount
 
of his power consumption. In addition, 'those customers desiring a higher
 
level of predictability in their power price and availability may as
 
always, negotiate a long term guaranteed contract. Homeostatic utility
 
control is technically possible and provides benefits which warrant
 
overcoming the institutional barriers likely to be encountered in its
 
implementation.
 
'6.4 INTRODUCTION OF TECHNICAL MOTIVATIONS
 
Chairmen's Panel:
 
James Hunter, San Diego Gas and Electric -

Load Management
 
Robert Ferber, JPL - Unconventional Energy
 
Resources
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Harold Kitching, New England Power Service -

Distribution System Management
 
William Prince, Baltimore Gas and Electric -

Emergency State Control
 
NOTE
 
Before the start of the first round of working
 
sessions, the chairmen of the session discussions
 
on the four Technical Motivations were requested
 
to introduce their topic and their working session.-

The Technical Motivations are Load Management (LM),,
 
Unconventional Energy Resources (UER), Distribution
 
System Management (DSM), and.Emergency State Con­
trol (ESC). Their introductory remarks are sum­
marized in this section­
6.4.1 Load Ma-,-ment
 
James 	Hunter, San Diego Gas and Electric
 
The background definitions tnd material on Load Management
 
(DAC Working Group Information Booklet) provided a good deal of valuable
 
information. 
Without spending much time on this detailed information,
 
already provided, the LM discussion will focus in on a number of more
 
basic 	issues:
 
* 	 Why manage loads?
 
* 	 What are the objectives for LM? 
* 	 How does the regulatory environment influence
 
decision-making regarding LM?
 
* 	 Will the American public allow their loads to be
 
managed?
 
* 	 What are the societal issues facing LM? 
Delving into these broad questions should elucidate more about the
 
basic purpose, interest, and nature of LM.
 
Also, Load Management means many things to many people, so
 
the session will attempt to further tighten down the definition of the
 
term. We must understand what it is we are all talking about. LM is
 
an important new step for the utility industry because, in essence,
 
IM means that we are now going to consider offering different types of
 
service to the customer: Cadillac, Chevy or Ford. We must carefully
 
weigh the requirements and ramifications of this new step.
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6.4.2 Unconventional Energy Resources
 
Dr. Robert Ferber, Jet Propulsion Laboratory
 
NOTE
 
The UER Working Session was combined with the IM
 
Working Session. Since James Hunter had intro­
duced the working session quite thoroughly,
 
Dr. Ferber chose to orient the DAC Working Group
 
participants to UERs as new technology entering
 
the electric utilities' domain. Dr. Feber's
 
major points on UER are given here, especially
 
those relative to LM. However, most of his com­
ments specific to solar energy were given in his
 
dinner presentation, in Section 6.5 of this
 
Proceedings.
 
Unconventional Energy Resources are quite important in the
 
development of DAC technology because UERs will be making a significant
 
entrance into the electric utility generation mix in the next 10 to
 
15 years. UERs will most frequently fit into the category of dispersed
 
storage and generation. Such technologies include battery storage,
 
compressed air storage, fuel cells, etc. These technologies all point
 
towards-increasing energy efficiencies, which is also a specific,
 
stated goal of the DOE program for DAC (see Section 5.1). DOE is also
 
encouraging maximum penetration of renewable domestic energy resources
 
which points towards UER technologies such as solar, wind, and fuel
 
cells. Therefore, UER implementation is quite supportive of DAC
 
development. The management of these dispersed sources, as they become
 
a significant portion of a given system's generating capacity, will be
 
a new and difficult task. Properly designed DAC systems can be par­
ticularly helpful in accomplishing the task of controlling these units.
 
Any recommendations for how the UER/utility system interface should
 
function relative to control, safety, rate structures, etc., will be a
 
significant contribution from this DAC Working Group.
 
6.4.3 Distribution System Management
 
Harold Kitching, New England Power Service Company
 
The four Technical Motivations can be seen as analogous to
 
a stand of trees. We see the towering pines of Load Management, the
 
stalwart oaks of Emergency State Control, and the colorful maples of
 
Unconventional Energy Resources. A closer look also reveals the white
 
birches, if you will, of improved service quality and operating effi­
ciency. There they are, but where in this analogy is a symbol of
 
Distribution System Management? It is missing, but some might suggest 
that we have been standing just a little too cose to the trees to see 
the forest, for indeed it is the forestxitself tbt fs the svmbol nf 
Distribution System Mapagement. 
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Clearly all of the motivations that we are going to
 
consider lead to changes which impact the utility distribution system.
 
As Distribution System Management encompasses all of the motivations,
 
it may provide a very valid viewpoint for the purpose of examining the
 
economic considerations of Distribution Automation and Control. It is
 
this total economic picture that is required. In a narrow view one
 
might screen out those portions of the other motivations which are
 
indeed closely related to supply considerations. Would distribution
 
system management still be a significant motivation for Distribution
 
Automation and Control? If we were to respond to this question in
 
the context of today's systems, performance, and needs, the answer
 
might be obvious, but what about tomorrow's needs, with tomorrow's
 
loads, and the distribution systems that will supply them? Distribu­
tion systems continue to benefit from the economy of scale as the
 
voltages move from 15 to 24 to the 34-1/2 kV.classes. Can we reason­
ably expect to continue to enjoy these economies of scale and operate
 
our systems in the same manner as we have at the lower voltages?
 
. There are opportunities-to operate tomorrow's systems, -or 
even today's systems efficiently and economically by.using Distribution 
Automation and Control techniques.. Well, hopefully our discussions on 
the subject and the questions that follow will clear out some of the 
underbrush from our forest, so that the key issues will be more visible. 
Then we can get down to chopping some wood.
 
6.4.4 Emergency State Control
 
William Prince, Baltimore Gas and Electric
 
The first thing to examine is the definition of Emergency
 
State Control. My perspective comes largely from a bulk power system
 
point of .view,being the Chief System Operator for Baltimore Gas and
 
Electric; Now, with the adveit of DAC systems, we are to look at
 
applications of ESC down to the level of the distribution system. ESC
 
currently exists, in various forms, at the bulk level where certain
 
emergencies can be dealt with through a shift in g~neration or perhaps
 
even closing or opening a line. However, if these solutions fail,
 
then load shedding of one form or another is used on the distribution
 
system. This can take the form of voltage reduction, rotating load­
shedding or rapid load dump. Supervisory Control and Data Acquisition
 
(SCADA) systems, energy control centers, etc., are common. A major
 
difficulty in control within the distribution system is selectivity,
 
due to the size of the system and thousands of multiples of various
 
types of equipment units. DAC systems could be quite valuable if they
 
significantly increase the selectivity of control systems over current
 
systems.
 
Precisely what ESC is must be examined, as it can mean
 
many things. An emiergency state can arise from cats knocking down
 
poles, people digging into cables, squirrels getting into line equip­
ment or most traumatically, a storm. Emergency State Control methodo­
logy depends on the source and type of the emergency. In fact, in the
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6.5 
distribution system, there currently is no ESC. Response to failures
 
in the distribution system is not really ESC, it is an attempt to
 
minimize restoration time. The distribution system is in either a
 
normal or restorative state.
 
The reliability of today's distribution systems is very
 
high. Many of the restoration requirements in the distribution system
 
can only be met by sending a crew into the field to repair the downed
 
line, etc. Because of all these factors, DAC systems must demonstrate
 
a significant improvement in fault location apd/or fault restoration
 
before they can be justified on the basis of ESC. The real issue is
 
the economic cost effectiveness in light of what service the public is
 
going to receive and what they are willing to pay for it. We must
 
discuss and determine what genuinely valuable ESC related functions
 
DAC technology can provide at a reasonable cost.
 
SOLAR ENERGY AS AN UNCONVENTIONAL ENERGY RESOURCE
 
Dr. Robert Ferber
 
Requirements Definition Task Manager, SPSA Program
 
Jet Propulsion Laboratory
 
NOTE
 
Dr. Ferber reviewed the field of solar energy
 
research. His major comments are synopsized here.
 
Solar energy takes many forms. It can bq tapped through
 
innovative architectural design, it can be gathered by collectors for
 
heating and cooling, it can be concentrated for intermediate and high
 
temperature applications, it can be converted directly into electricity,
 
and can also be utilized indirectly in the form of wind, falling water,
 
various forms of biomass including forest products, and ocean tempera­
ture gradients.
 
The amount of solar energy'that reaches the earth's sur­
face in 2 weeks is equivalent to the energy in all known fossil fuel
 
reserves. Nevertheless, use of this abundant energy source at present
 
is very modest. In the U.S., indirect solar sources (hydropower, com­
bustion of biomass) account for-only 5 percent of the national energy,
 
supply. Worldwide, the figure is about 15 to 20 percent.
 
Efforts are beginning, however, to develop the broad range
 
of solar applications. Some technologies, such as passive solar design,
 
combustion of biomass, and active solar hot water and space heating,
 
are economic in many regions now. Others, such as biomass conversion
 
to liquid and gaseous fuels, and solar technologies for generating
 
electricity, require further research. The solar technologies which
 
can be used for electric power generation are briefly summarized here.
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6.5.1 Solar Thermal Power Systems
 
Description
 
Solar thermal power systems involve direct conversion ox 
solar energy to thermal energy, and subsequent conversion of the thermal 
energy to mechanical energy in a heat engine. The mechanical output 
of the engine can be used to generate electricity.
 
Present solar thermal powe systems are of two types:
 
those using a central receiver system-and those using a distributed
 
receiver system. Both systems collect and concentrate the direct
 
(rather.than the diffuse) component of sunlight and utilize it to heat
 
working fluids such as high pressure water, steam, hydrocarbon oils,
 
molten salts, and liquid metals.
 
Markets
 
The solar thermal power program is aimed at three major
 
applica 4nns: 
(1). Large-scale centralized electric power generation 
(2) Smaller-scale dispersed applications for electric 
power generation 
(3) Smaller-scale on-site total energy applications 
involving both electricity and heat production. 
6.5.2 Photovoltaics
 
Description
 
Photovoltaic cells convert sunlight directly into elec­
tricity through the use of semiconductor materials such as silicon,
 
cadmium sulfide, and gallium arsenide. Photovoltaic cells are grouped
 
into arrays which are combined in a total subsystem, including power
 
processing, control, and interface equipment.
 
The current DOE program goals are to reduce the cost of
 
solar arrays to $2/Wp of electric capacity by 1982, $0.50/Wp by 1986,
 
and $0.10 to $0.30/Wp by 1990.
 
Markets
 
In addition to developing the U.S. market, there is
 
presently a much larger market in the less developed countries for
 
power in..remote villages.
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With subsequent reduction in array costs, photovoltaic
 
systems will be attractive for dispersed power generation and are
 
potentially suitable for peak and intermediate electric power
 
generation.
 
6.5.3 Wind Energy Systems
 
Description
 
Wind energy has long been used tor water pumping ana gen­
erating electricity. Modern wind machines perform these functions in
 
on-site applications and may also generate electricity for distribution
 
through a utility grid.
 
The energy output of a wind turbine is principally a func­
tion of wind velocity at the site and rotor diameter of the machine.
 
Markets
 
DOE is pursuing the development and demonstration of small
 
machines (2 to 40 kWe) which could be utilized by an individual rural
 
home, farm, or ranch and intermediate sized machines (100 to 200 kWe).
 
for use by towns and rural electric cooperatives.
 
The wind resource base is large: 2 to 5 quads of electrical
 
power, according to recent estimates.
 
6.5.4 Ocean Systems
 
Description
 
Renewable ocean energy resources take several forms and
 
can be used to generate substantial quantities of electricity and to
 
produce eergy-intensive products. Ocean energy system concepts under
 
study and development include Ocean Thermal Energy Conversion (OTEC),
 
salinity gradients, ocean currents, and ocean waves. In the near term
 
OTEC appears to be the most promising ocean energy option and is
 
receiving the greatest emphasis.
 
An OTEC system would use ocean temperature differences
 
between warm surface water and cold water from the depths to pro­
duce baseload electricity. Typical systems for achieving this con­
version may use ammonia as a working fluid, which is evaporated by the
 
warm water, drives a turbogenerator, and is then condensed by the cold
 
water. OTEC energy would be utilized as electricity conveyed to shore
 
by submarine cable, and in the production of energy-intensive products
 
(such as ammonia, aluminum, hydrogen, chlorine) on or near the OTEC 
platform.
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Markets
 
OTEC-generated baseload electricity would be of most
 
interest to utilities in the southern United States and to those
 
serving Hawaii and Puerto Rico. Also, energy intensive chemicals
 
might be produced on OTEC plantships and delivered to port.
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7.1 
SECTION 7
 
WORKING SESSIONS
 
The most valuable of the DAC Working Group's activities took
 
place in nine Working Sessions. In these, the four Technical Motivations
 
and six Areas of Issues related to DAC development were discussed. As a
 
basis for the discussions, all of the participants were provided with
 
the DAC Working Group Information Booklet, whidh identified and
 
discussed the Technical Motivations and Areas of Issues. These Working
 
Sessions were conducted by chairmen chosen from within the utility
 
community. Each group met for two to three hours to discuss the
 
definition of and pertinent issues related to the particular area of
 
DAC development with which the session was concerned. The results of
 
these discussions are recorded in Sections 7.1 through 7.9.
 
LOAD MANAGEMENT AND UNCONVENTIONAL ENERGY
 
RESOURCES COMBINED WORKING SESSION
 
Co-Chairmen:
 
James Hunter (Load Management)
 
Manager, Marketing Programs
 
San Diego Gas and Electric Company
 
Dr. Robert R. Ferber (Unconventional Energy Resources7
 
Requirements Definition Task Manager, SPSA Program
 
Jet Propulsion Laboratory
 
NOTE
 
The Load Management (LM) and Unconventional
 
Energy Resources (UER) Technical Motivation
 
Working Sessions were combined in order to
 
have adequate session attendance in bbth areas
 
for a healthy interactive discussion. In
 
response to the primary interest of the
 
majority of the session participants, the
 
discussion focused heavily on issues related
 
to Load Management.
 
7.1.1 Revised Definition Statement - Load Management
 
The group immediately focused on examining the definition
 
of Load Management presented in Fact Sheet 1 of the DAC Working Group
 
Information Booklet (see Appendix D). The discussion revolved primarily
 
around the issue of reberve requirements being affected by the advent
 
of LM. The group developed the following revised definition (the
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quoted portions of the definition are taken unchanged from the definition
 
in Fact Sheet 1 in the Information Booklet):
 
From the DOE Program Plan (DOE/ET 0004):
 
"Load Management is the systems concept of alter­
ing the real of apparent pattern of electricity
 
use in order to
 
1. 	improve system efficiency
 
2. 	shift fuel dependency from limited to
 
more abundant energy resources"
 
3. 	reduce reserve requirements while main­
taining reliable service to essential
 
loads.
 
The group recognized that adequate time was not available to
 
discuss the impact of load management on spinning reserve, 10-minute or
 
other reserve criteria. Therefore, the above definition needs further
 
clarification in these areas.
 
7.1.2 Definition Statement - Unconventional Energy Resources
 
The definition of Unconventional Energy Resources in Fact
 
Sheet 4 of the Information Booklet was not challenged. Portions of that
 
definition are re-stated here for reference purposes.
 
"Unconventional Energy Resources (UER) are energy
 
storage or generating systems using renewable
 
resources or devices ... to complement conven­
tional power generation (fossil and nuclear steam
 
turbine, hydro, gas turbine) methods. A common
 
characteristic of these sources is that they are
 
small in unit size compared to traditional cen­
tral station generation...
 
"These resources will generally be dispersed
 
throughout the distribution system, with sites
 
selected due to availability of waste heat, need
 
for waste heat, presence of favorable wind condi­
tions, access to roof or other unused space, etc.
 
Thus, the definition of UER for purposes of DAC
 
discussions implies remote control and remote
 
monitoring of status and capacity of such units."
 
7-2
 
7.1.3 Major Statements
 
The group formulated the following major statements in the
 
Load Management and Unconventional Energy Resources areas:
 
(1) 	 Load Management:
 
(a) 	 Regulatory requirements are not a necessary
 
precursor to the implementation of LM.
 
Utilities are going ahead with LM development
 
without regulatory motivation, and regulation
 
would probably not significantly alter current
 
efforts.
 
(b) 	 More work should be done in preparing customers
 
for the LM concept and its effects on service.
 
This type of improved public awareness effort
 
does not require results from detailed
 
engineering studies.
 
(c) 	 Customers probably are willing to entertain
 
the idea of alternate forms of service if they
 
are adequately prepared for it and educated
 
as to the need and ramifications.
 
(d) 	 Current development efforts are primarily being
 
directed towards lowering daily peak demand
 
levels. Additional efforts must be started to
 
address potential LM effects'on monthly,
 
seasonal, and annual load demand curves.
 
(e) 	 The question of whether the utility customer
 
is willing to accept reductions in quality of
 
service, selective load control, or other
 
changes in historical level of service must be
 
answered.
 
(2) 	 Unconventional Energy Resources:
 
(a) 	 Bidirectional power flow from dispersed UER
 
units will be acceptable to most utilities.
 
However, this acceptance must be preceded by
 
establishment of special rate structures,
 
adequate safety provisions, etc. (Note: This
 
issue was dealt with more thoroughly in the
 
New Source Integration Working Session, Sec­
tion 7.9 of this volume.)
 
(b) 	 Solar thermal space and water heating or
 
cooling will have the most significant near­
term impact of all UER on the displacement of
 
energy from conventional sources.
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(c) 	 Significant effects on the operation of utility
 
distribution systems may come from the near-term
 
application of wind turbine generators and,
 
eventually, from solar,"o'r other types of
 
dispersed generation aid storage, requiring nev
 
control means.
 
7.1.4 Discussion
 
Discussion was lively and covered a breadth of topics
 
related to both UER and LIM. The group did not come to many firm
 
conclusions; instead, they formulated statements of a number of issues
 
and some tentative recommendations for the management of future DAC
 
development in these areas.
 
Following the opening remarks regarding the definition of
 
Load Management, the group discussed reserve briefly. By definition,
 
LM appeared to be oriented towards changes in energy use patterns,
 
which in turn affect reserve requirements. With the advent of LM,
 
however, against what baseline will reserve needs be measured and how
 
does it change for spinning versus installed reserves? The group was
 
unsure what would happen to reliability as a result of changing
 
reserves due to LM. Does it go up or down, depending on the load?
 
LM may in fact reduce reliability overall; nevertheless, LM effects
 
on reliability should be identified and communicated throughout the
 
industry in order to dispel this confusion.
 
The group then discussed the problem areas facing LM and
 
UER to determine if the development of these technologies is presently
 
"on target." It was realized initially that better methods of assess­
ment and better data are needed to be able to rationally critique
 
today's programs. The discussion proceeded to rang& across all aspects
 
of the topic. Some of the comments made were
 
(1) 	 LM techniques will vary for each utility. What is
 
appropriate for different applications?
 
(2) 	 Trade-offs in LM between the bulk and distribution
 
systems must be addressed.
 
(3) 	 How can LM efforts of numerous utilities in a common
 
power pool be successfully coordinated?
 
(4) 	 As LM creates or leads to varying rate structures,
 
will special provisions have to be developed to deter
 
primarily purchasing utilities from abusing the
 
"rate 	game"? If so, what?
 
(5) 	 As an initial program, San Diego Gas and Electric
 
currently offers load information to large industrial
 
customers for the purpose of voluntary LM to reduce
 
customer costs.
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Discussion then moved to the importance of communication
 
systems in facilitating the control needed for LM and especially the,
 
inadequacy of current frequency spectrum allocations. Utilization of
 
dispersed storage and generation (DSG) units will depend on DAC con­
trols; but such units do not appear to have potential for significant
 
near-term penetration of the distribution system.
 
The group began a discussion of the approaches to IM and
 
UER and the studies being performed. They indicated their belief that,
 
since LM, UER, and DSG all have notable, long-termnfamifications, -DOE
 
should be gathering more input from the utility community.
 
The management of LM-systems development is a difficult
 
"chicken-egg" problem. Specific hardware studies must be performed to
 
show technical feasibility. Also, applications and implementation
 
impact studies must be done to predict effects of installing these as
 
Many DAC related studies are
yet nonexistent advanced DAC systems. 

being done in parallel by different organizations.
 
The group generally seemed to feel that neither DAC
 
technology nor its effects on operations are clearly understood, and
 
that more efforts in the total DAC area are needed to clarify these
 
interactions.
 
The group considered the effects of -IM on changing load
 
shapes. Water heater cycling was discussed and seen as advantageous,
 
but ardly a panacea. The difference between load cycling, load shift­
ing, and load elimination must be recognized to avoid overinterpreting
 
It was realized that
the potential benefits of certain aspects of LM. 

efforts must be undertaken to-study monthly, seasonal, and annual load
 
curves as well as the management of daily peaks. Finally, the group
 
considered the acceptability of various aspects of IM to customers and
 
It was concluded that
the motivation for utilities' interest in LM. 

most utilities had economics and performance as motivations, not
 
regulatory compliance. Customers may be expected to accept ngw types
 
of service; however, much must be done to educate and prepare the
 
public for these changes.
 
The advent of two-way power flow from dispersed UERs was
 
briefly discussed. There was general agreement fhat dispersed UERs are
 
coming and in the distant future may represent a significant percentage
 
of generation, but safety, operation, rates, and control issues must be
 
dealt with first.
 
DISTRIBUTION SYSTEM MANAGEMENT WORKING SESSION
 
Chairman: Harold Kitching
 
Distribution Development .Engineer,TWACS Program Manager
 
New England Power Service Company
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7.2 
7.2.1 	 Revised Definition Statement - Distribution System
 
Management
 
The Distribution System Management (DSM) Working Session
 
opened with a discussion of the definition of DSM. There was some
 
confusion regarding whether DSM was a subset of DAC or vice versa. The
 
definition in Fact Sheet 2 of the DAG Working Group Information Booklet
 
(see Appendix D) was felt to be too lengthy and perhaps unclear. The
 
group produced the following revised definition statement:
 
Distribution System Management is defined as the
 
control and direction of the planning, design,
 
construction, operation, and maintenance of the
 
distribution system to provide safe, economical,
 
high quality service to the customer.
 
7.2.2 	 Major Statements
 
The chairman led the discussion in three major topical
 
areas related to DSM: applications, economics, and technology. A
 
number of major points or issues were concluded with near unanimity
 
of the session in each area.
 
Applications
 
The utility companies should be responsible for defining
 
what needs to be done in the area of system applications, as they will
 
eventually be responsible for the system's performance.
 
When and bow are we to implement DAC systems for advanced
 
DSM and at what level of complexity and function within the distribu­
tion system?
 
What functions will dominate, determining the control
 
hierarchy?
 
Economics
 
Nearly all projects must be justified on the basis of
 
economics, with a proper understanding of both near and long term cost
 
benefits from the expenditure.
 
Economic justification is occasionally overruled when a
 
project is done in response to absolute system functional needs or new
 
government regulations. These motivations can force the implementation
 
of a project, reg4rdless of economics.
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Technology
 
Hardware performance characteristics must be specified for
 
the system function and the system environment required to achieve the
 
designed function.
 
7.2.3 Discussion
 
The group, after the definition of DSM had been revised,
 
identified DSM-related projects in which the session members were
 
involved.* The discussion then proceeded, organized around the three
 
themes of applications, economics, and technology.
 
Applications
 
DSM applications issues were divided into two subsets:
 
identification and implementation. Using the lists of Key Issues and
 
Uncertainties from the Information Booklet (see Appendix D), regrouped

under the three themes of the discussion by the chairman, the group
 
established a number of points and new issues:
 
(1) 	DSM functions should be separated into distinct
 
groupings which relate to separate DAC subsystems
 
or component groupings to facilitate design.
 
(2) 	DSM will not have a significant effect on distribu­
tion voltage levels.
 
(3) 	Control hierarchies for DSM's interfaces with ESC,
 
LM, and DSG must be understood, despite some con­
fusion introduced by the fact that DSM, by definition,
 
includes ESC, LM, and DSG.
 
(4) 	 The availability of controllable loads will have some
 
effects on the development of the distribution system.
 
Exactly what types of loads will be available for
 
control by utilities may be determined by consumers
 
and regulatory or other government agencies.
 
It was realized that there are numerous issues and potential barriers
 
and opportunities facing the implementation of DSM applications; how­
ever, the group did not have time to discuss these issues.
 
*Appendix B lists all of the Working Group participants and indicates
 
their various activities in DAC devplopment.
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7.3 
Economics
 
The fact most obvious to the group regarding the economics
 
of DAC systems was that cost effectiveness must be shown for all volun­
tary projects, and much of the data and information necessary to
 
demonstrate the cost/benefit effects is either not yet available or
 
not reliable enough for making investment decisions. It was noted that
 
DAC systems 	do lend themselves to good cash flows since they can be
 
implemented very gradually, avoiding massive front-end capitalization.
 
It was felt that establishment of some standardized, quantitative
 
methodology of analyzing DSM/DAC systems would be very valuable to the
 
industry. DSM system development presents an economic problem: How
 
can the risk and high cost of development to manufacturers be reconciled
 
with the unproven value of the systems to utilities? Some members felt
 
as
that the government would have to assist in this area, but the group 

a whole was not sure how best to approach the problem. This problem
 
may change significantly if the trend to reduced costs over the last
 
five years in the electronics industry continues and carries over into
 
DAC equipment costs.
 
Technology
 
The group felt that each utility would eventually have to
 
design or specify its own technical systems and requirements; neverthe­
less, general systems having parametric flexibility could be defined
 
as baselines for evaluation purposes. The effect of government actions
 
on potential technical advances was considered to be significant.
 
Generalized solutions could become of great value to the industry by
 
facilitating broad penetration. However, government regulation could
 
severely impact viability of such technology, either pro or con, with
 
no real regard for economic or engineering feasibility. The governmentis
 
role should be examined and defined.
 
PREVENTIVE, EMERGENCY, AND RESTORATIVE STATE CONTROL
 
WORKING SESSION
 
Chairman: W. R. Prince
 
Chief System Operator
 
Baltimore Gas and Electric Company
 
7.3.1 	 Revised Definition Statement - Preventive, Emergency,
 
and Restorative State Control
 
The participants in the session broadened the definition
 
of the session's topic, presented in Fact Sheet 3 of the DAC Working
 
Group Information Booklet (see Appendix D), to include preventive,
 
emergency state, and restorative state control. The broadened defini­
tion provides a means of focusing on differences between bulk power
 
and distribution system needs. For example, from the bulk power
 
system point of view, "emergencies" are best controlled by prevention
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and from the distribution system point of view, "emergencies" are
 
appropriately dealt with by restoration of service.
 
Preventive, Emergency, and Restorative State
 
Contrdl (PERSC) refers to the ability of a DAC
 
system to remotely and/or automatically provide
 
(1)preemptive action in anticipation of an
 
emergency state, (2) emergency state detection,
 
and (3) corrective and restorative control.
 
NOTE
 
The remainder of the definition statement is
 
quoted directly from the DAC Working Group
 
Information Bookldt, but with "PERSC" substi­
tuted for "ESC".
 
Present Supervisory Control.Systems do not
 
provide a method of accomplishing PERSC at the
 
distribution level. Therefore, discussion
 
needs to consider DAC providing control:
 
(1) 	To the depth, or to the level of
 
of discrete elements contemplated
 
for further systems.
 
(2) 	For all aspects of PERSC, e.g.,
 
anticipation of certain kinds of
 
emergency states.
 
(3) 	With dispersed generation and
 
storage generally which will be
 
connected to the distribution
 
system.
 
Further, the full application of PERSC will
 
require methods for response to two kinds of
 
emergency conditions:
 
(1) 	Loss of, or imminent loss of, bulk
 
supply facilities (load shedding,
 
start-up or increase in output from
 
dispersed storage and generation).
 
(2) 	Loss of, or imminent loss of, por­
tions of the distribution system...
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7.3.2 Major Statements
 
(1) 	The title of the session was much too restrictive.
 
(There was general agreement on this.)
 
(2) 	"Emergency State Control" can be discussed in the
 
context of the bulk power system; however, "Emergency
 
State Control" does not relate to restoration in the
 
distribution system (see revised definition statement).
 
(3) 	DAC systems capabilities for actions related to
 
emergency control will differ from those capabilities
 
required for actions related to restorative control.
 
(4) 	Utilization of DAC equipment and PERSC methods will
 
provide more time for utility system operators to
 
make decisions under "emergency" situations.
 
(5) 	When load shedding, under "emergency" conditions,
 
societal priorities can be recognized by DAC systems'
 
selectivity.
 
(6) 	The cost effective analysis for PERSC, relative to
 
other ways of responding to supply deficiencies, needs
 
to focus on DAG equipment applied to specific systems.
 
(7) 	Control of loads by DAG systems may result in spinning
 
reserve credits.
 
(8) 	Since customers may ultimately determine standards
 
for reliability, the question may be, "How much
 
additional cost will the customer tolerate for PERSC
 
implementation?"
 
(9) 	All communication links can be expected to fail at
 
one time or another; therefore, is DAG equipment more
 
or less reliable than the distribution system itself?
 
(10) 	 When dispersed generation is connected to the utility
 
grid, the owner of the dispersed system should pay
 
for any specially required DAG equipment.
 
(11) 	 Predictive control will not be implemented until far
 
in the future.
 
(12) 	 In the bulk system, emergency control can best be
 
accomplished through selective load shedding via DAC
 
in the distribution systems.
 
(13) 	 Currently there are no national standards for
 
reliability. (There appeared to be general agreement
 
that such standards are not necessary.)
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7.3.3 Discussion
 
At the beginning of the session the participants agreed that
 
the title of the session, Emergency State Control, was too restrictive.
 
The title was broadened and changed to Preventive, Emergency, and
 
The chairman led the group in a discussion
Restorative State Control. 

which centered around three topics:
 
(1) Bulk system tie-ins. 
(2) Distribution system. 
(3) Distribution system management. 
The chairman focused discussion by referring to the "Key
 
Issues and Uncertainties" presented in the DAC Working Group Information
 
Booklet. The distinction between emergencies in the bulk power system
 
and in the distribution system was illustrated by the following analogy:
 
An emergency, ftom the bulk power point of view, exists if there is a
 
hatchet over your head, and from the distribution system point of view,
 
if your arm is cut off and laying on the table. Clearly, distinctly
 
different DAC equipment capabilities are necessary to meet bulk system
 
and distribution system needs. A participant commented that manufac­
turers cannot produce DAC equipment economically for today's utility
 
systems. The discussion moved to issues involving load shedding for
 
When dealing with load shedding
meeting emergencies in the bulk system. 

hierarchies, the group acknowledged the significance of social issues.
 
The participants in the session agreed that people determine
 
They also agreed that the
the..required level of system reliability. 

Another partici­
acceptability of outages depends on many parameters. 

pant emphasized the absence of national reliability standards, and it
 
was concluded by the group that such standards were not necessary. The
 
reliability of DAC equipment was discussed.
 
The participants acknowledged that DAC creates massive
 
However, there was disagreement about the usefulness
 amounts of data. 

of the data. Some of the participants felt that computer data processing
 
will increase the usefulness of the data in planning and decision-making.
 
The participants discussed the effects of dispersed generation in load
 
management.
 
As the session
The PERSC session was extremely active. 

concluded, individual participants made the following comments:
 
(1) 	 The interaction of distributed system generation and
 
utility operations is "tricky."
 
PERSC 	will not produce a large impact on distribution
(2) 

system management.
 
(3) 	 Requirements for reliability will be determined
 
company by company.
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(4) 	 Predictive control in the distribution systems is far 
- in the future. 
(5) 	 The probability of massive power failures can be
 
prevented by using selective load shedding methods
 
DAC 	FUNCTIONAL REQUIREMENTS WORKING SESSION
 
Chairman: 	 Kenneth W. Klein
 
Technical Assistant to the Directoi
 
Division of Electric Energy System
 
United States Department of Energy
 
NOTE
 
In a dinner presentation on the second evenin
 
of the workshop Mr. Klein described the result
 
of the Working Session. The highlights of hi
 
presentation, as related to DAC Functional
 
Requirements, are given here.
 
Defining "functional requirements" for any type of
 
a difficult task. This is particularly
advanced engineered system is 

true for systems involving DAC technology, which is still in the early
 
stages of development. To provide a basis for the Working Session, the
 
participants were provided with the following background/definition
 
statement in Fact Sheet 9 of the DAC Working Group Information Booklet
 
(see Appendix D).
 
7.4.1 Definition Statement - DAC Functional Requirements
 
The functional requirements for future DAC
 
systems will be determined by consideration
 
of
 
(1) The needs for systems satisfying
 
the performance needs for each
 
Technical Motivation.
 
(2) 	 The present and future configurations
 
of power and control systems without
 
DAC systems.
 
(3) 	- The present and future needs for 
information as mandated by forces
 
outside the utility...
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The functional requirements may be thought of,. in very

general terms, as specific objectives such as improving efficiency,

reducing peaks, increasing reliability, etc. However, this way of
 
expressing functional requirements is insufficient for purposes of
 
identifying DAC system specifications.
 
Also, the general functional requirements can be identified
 
by describing a specific effect desired, such as isolation of faults,
 
synchronizing of dispersed generation, monitoring-of transformer and
 
line loadings, voltage regulation within limits which can be varied
 
remotely, load control, automatic meter reading, etc. Again, this
 
kind 	of description is too general for purposes of specifying DAC
 
systems.
 
Functional requirements must ultimately be defined as t­
(1) 	 Purpose of type of function (status, command,
 
telemetry).
 
(2) 	Relationship to Technical Motivation.
 
(3) 	 Relative importance to power system operation.
 
(4) 	 Frequency of application (how often will function
 
be used?).
 
(5) 	Response time requirement (how quickly must function
 
be accessed?).
 
(6) 	Reliability (level of assurance that command wi11 be
 
received and executed).
 
7.4.2 Case System Exercise
 
To properly understand the results of this session, the
 
manner in which it was conducted must be understood, as it was different
 
from all of the other discussions. The chairman had developed two
 
distribution case examples for the group to inspect, and a worksheet
 
for each.
 
Case I
 
Case I was a simple radial distribution circuit served via
 
a two-bank substation arrangement fed by two 132 kV subtransmission
 
lines. The subtransmission and substation devices shown on the Case I
 
line drawing (Figure 7-1) were said to be specified at the N-i rating.

This example was to be used as a "typical" present day system. The
 
session participants were then asked to sketch on the drawing (if appro­
priate) and write on the worksheet all of the devices or functions which
 
the individual thought should be automated or controlled, and to
 
describe the function. This list was to be formed as almost a DAC
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kV 
N-I RATING ON 
-SUBTRANS. AND, 
SUBSTATION ? 
Figure 7-1. Case I Distribution Circuit
 
"wish 	list" with little or no thought of economics, but only system
 
function and automation. Participants were also requested to note the
 
required level of unit reliability. Upon completion of this study of
 
"typical" Case I, Case II was revealed.
 
Case II
 
Case II (see Figure 7-2) was essentially the same as Case I
 
except that
 
(1) 	 The substation feeder ties were eliminated to create
 
essentially two separate substations from the two
 
feeder banks.
 
(2) 	 Dispersed storage and generation were included
 
(if desired).
 
(3) 	 Units had only normal capacity rating, not N-i rating.
 
Using Case I as a basis, the group was then requested to develop a DAC
 
system for Case II which would insure the same level of reliability in
 
the distribution system, without substation feeder ties. Again, the
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j132 V 
Figure 7-2. Case II Distribution Circuit
 
device, function, and unit reliabilities were to be described.
 
Reliability was to be listed from 1 to 10 as follows:
 
(1) 	 No reliability requirements (function or data is
 
desirable but nonessential).
 
(5) 	 Typical reliability requirements (need to keep
 
entire system outage/reliability rate at present
 
day levels.- "status quo"). 
(10) 	 100% reliability requirements (essential function
 
requiring near-perfect devices or adequate unit
 
redundancy).
 
The exercise for Case II was to converge on general reliability
 
requirements. The results of this exercise were quickly tabulated
 
during the session so the participants could discuss their ideas.
 
The devices/functions were categorized according to their priority to
 
the system (for Case II), and this ranking approximately paralleled
 
the device reliability requirements. (It should be remembered that
 
these priorities were determined without regard to cost-effectiveness
 
This exercise was performed to inspect functional requirements in ord
 
to 
assess where the greatest efforts must go to develop reliable, low
 
cost technology.
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7.4.3 Summary of Results
 
Device/Function 

Communication System 

Load Management 
Normal 

Emergency 

Control of Fault Clearing Devices
 
Line 

Substation 

Fault Indicators on Primary 

Circuits
 
Automated Protective Schemes 

Periodic Check on All Devices 

Control of DSG 

Time-of-Day Metering 

Station and Field Tap Changer 

Control
 
Metering
 
Substation 

Line 

Spur/Custbmer/etc. 

Status Interrogation
 
Fuses 

Others 

Customer Outage Staeus 

Customer Load Studies 

Transformer Load Management 

Equipment Security 

Reliability 

Requirements 
(from 1 = lowest 
to 10 = highest) 
8-10+ 

3-5 

3-7 

3-10 

5-10 

5-10 

7-10 

1-3 

3-7 

3-10 

3-7 

3-5 

3-5 

3-5 

1 

1 

1-3 

I 

3-5 

1 

Priority Rating 
(A = high, 
B = moderate, 
C = low) 
A
 
A
 
A
 
A
 
A
 
A
 
A
 
A
 
B
 
B
 
B
 
B
 
B
 
B
 
C
 
C
 
C
 
C
 
C
 
C
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Clearly these results are not comprehensive: They
 
represent only 2 hours of effort on two hypothetical case studies and are
 
highly subjective. Nevertheless, they do indicate a general outline of
 
what functions are of importance. The group intentionally made no
 
attempt to specify equipment functions in detail (cycle speed, life­
times, size, cost, etc.) but confined themselves to-the task of general
 
functional descriptions. When this information was presented to a
 
plenary session of the Working Group, there was little disagreement with
 
the conclusions. This would indicate that the results give a fair first
 
impression of what direction the utilities would like to see DAC develop­
ment take. Most noticeably, nearly all participants agreed that reli­
ability and high performance for the communications system was the top
 
DAC priority.
 
7.4.4 Major Key Issues
 
The group discussion touched on many points. These can be
 
reduced to eight major issues:
 
Economics
 
Essentially, any DAC system or device must be justifiable
 
in terms of cost. Simply stated, the added control must beable to
 
offset the capital requirement. Therefore, design efforts must emphasizf
 
the minimization of costs.
 
Reliability
 
The group realized that reliability is a key element in
 
hardware design and implementation, and reliability needs must be care­
fully scrutinized. The group stated that not all components need the
 
same level of reliability. For example, the reliability needed in the
 
communication system may vary according to the system's function, what
 
is being communicated, and to whom or what and in which direction (out
 
bound versus inbound) the data is being transmitted.
 
Unknown System Effects
 
The group asked what the.real effects and advantages of
 
new system elements will be. For instance, many things are unknown
 
about the factors involved in the implementation of dispersed storage
 
and generation, such as control, safety, reliability, etc. Such factors
 
must be analyzed in the design and development process.
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Protective Systems
 
What ill be the integrity of protection devices under
 
actual fault conditions, or when circuits are reconfigured? The designs
 
of protection devices must be able to somehow include the capability to
 
respond to unusual or even unforeseeable conditions.
 
Local vs. Central Control
 
What is the hierarchy? What functions should be controlled
 
locally and centrally, and how will this affect system design?
 
Current System Reliability
 
The reliability of today's systems and components should
 
be defined. There is a lack of firm data on reliability, and this lack
 
prevents the accurate determination of what improved levels are needed
 
for DAC systems. Unless present-day baseline data are clearly estab­
lished, future system performance cannot be properly analyzed or com­
pared with previous systems. The group acknowledged that determining
 
reliability in distribution systems is particularly difficult, since
 
such systems contain many pieces of equipment and each must be analyzed
 
separately.
 
Existing Company Policies
 
Each company's policies determine capital structuring and
 
investment, control hierarchies and procedures, design criteria, equip­
ment selection, redundancy and reliability requirements, automation
 
levels, etc. Changes in policies will be occurring, and policy needs
 
related to DAC should be made known and considered. These policy
 
changes alone could significantly improve or reduce the cost effective­
ness of advanced control and automation.
 
Higher Voltages and Reliability
 
Future distribution system voltages may go as high as
 
69 kV. DAC systems will bea.called upon to increase the safety and
 
reliability of these types of distribution systems and must be designed
 
to accommodate this requirement.
 
7.4.5 General
 
Time constraints and the wide scope of the task of
 
defining all of the needed DAC functions for 4 future distribution sys­
tem precluded the group's preparation of a definitive, detailed state­
ment of functional requirements. However, the group did identify the
 
key issues as shown above. Much effort must go into the development of
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7.5 
the communication system, and the reliability of all'components should
 
be carefully specified. In every case, the design will ultimately be
 
given the test of economics.
 
ECONOMIC AND INSTITUTIONAL ISSUES WORKING SESSION
 
Chairman: 	 Glen Lokken
 
Superintendent, Special Studies
 
Wisconsin Electric Power Company
 
It was the chairman's feeling that the subject of
 
economic and institutional issues touched on every aspect of DAC.
 
Thus, the discussion was difficult to monitor, and the conclusions
 
reached by the group tended to be rather general.
 
7.5.1 	 Revised Definition Statement - Economic and
 
Institutional Issues
 
The chairman and the participants did not discuss the
 
definition statement of economic and institutional issues. However,
 
the session worksheets that were returned led to a revised definition
 
as follows:
 
Economic and Institutional Issues can be cate­
gorized as either constraints or opportunities.
 
In the DAC workshop emphasis is placed on those
 
economic and institutional issues that serve as
 
constraints or provide opportunities for desired
 
changes in utility systems. Some examples of
 
economic and institutional issues are:
 
(1) Economies of scale vs. improvements
 
in reliability, etc.
 
(2) 	Availability of capital funds.
 
(3) 	Availability of operating funds.
 
(4) Most effective use of financial
 
resources.
 
(5) 	Conflicts between the actual costs
 
of providing service and the tariffs
 
designed under a social concern or
 
other such criteria.
 
(6) 	Regulatory constraints on innovative
 
arrangements for unconventional
 
energy resources.
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(7) Assessment of priority of serviceto
 
customers and customer classes.
 
The DAC systems of the future will require the elimination
 
of constraints and may require the use of economic and
 
institutional innovation.
 
7.5.2 Major Statements
 
(1) 	The closer we can get to controlling discretionary
 
segments of customer's loads, the more we can minimize
 
social impacts-when system problems and emergencies
 
arise.
 
(2) 	 The potential ability to control discretionary loads
 
should be a major motivation for utilities, customers,
 
and regulators to accept DAC.
 
(3) 	Regulators and politicians often mandate utility
 
activities prematurely. The resulting unworkable
 
standards make it difficult to educate customers to
 
accept load management and DAC.
 
(4) 	 The regulators and the utilities must work together to
 
develop a common data base for decision making. Such
 
a joint effort may result in decisions that both the
 
regulators and the utilities find acceptable.
 
(5) 	 Customer education regarding the value of service
 
reliability should include load management and energy
 
conservation topics.
 
(6) 	 There may be occasions when legislation calls for
 
standards to be established for some inappropriate
 
objectives. The utilities must strive toavoid this
 
by the proper education of the public.
 
(7) 	DAC must be justified from the systems point of view,
 
but utilities, under pressure from regulators, tend to
 
install equipment to meet only current needs. DAC
 
equipment functions are often evaluated independently,
 
without regard to longer range utility DAC system
 
needs; this lack of coordination frequently results in
 
higher costs.
 
(8) 	 It is essential to quantify the potential value of
 
DAC as much as,possible. However, it may be acceptable
 
to utility executives and regulators to install a more
 
flexible DAC system than necessary without complete
 
economic justification "as an insurance policy." The
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"insurance policy"-would be available to meet future
 
requirements or unexpected contingencies which are not
 
understood at the time a decision to install a DAC
 
system is made.
 
(9) 	Most DAC equipment will be installed as the need for
 
the-different functions materializes. Care must be
 
taken to ensure that the equipment, such as load con­
trol devices, will integrate in- the ultimate DAC
 
-systems.,
 
(10) 	 Regulators often have objectives that differ from
 
those of the other groups involved, including-the
 
public.
 
7.5.3 	- Discussion-
Discussion centered on the following topics:
 
(1) 	 Justification of DAC.
 
(2) 	 The influence of load management on DAC.
 
(3) 	DAC equipment inst/llation.
 
(4) 	Key issues and uncertainties.
 
Justification of DAC
 
The participants felt that so far it has been difficult to
 
justify DAC economically. However, individual parts of the load manage­
ment system, for example, can be justified. Participants felt that
 
it was necessary to look at the overall system, rather than just one
 
expensive element of the load management system, for example. Several
 
reasons were offered why it is difficult to justify DAC:
 
(1) 	 DAC systems are expensive.
 
(2) 	DAC systems are new.
 
(3) 	 People are not convinced that use of DAC will become
 
widespread.
 
(4) 	Managers lack evidence of operational savings to be
 
derived from installing DAC.
 
(5) 	 Many of the perceived intangible DAC benefits are
 
difficult to associate with dollar values.
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(6) Evaluation issues are complex. 
(7) People perceive major changes coming in energy policy 
that will affect the needs and requirements for DAC. 
A representative from DOE recommended that the utilities
 
justify the individual pieces of DAC, while keeping their eye on the
 
whole system. The result would be that the pieces which are imple­
mented will be likely to fit into the ultimate DAC system. It was
 
emphasized that demonstration projects provide experience and systems
 
data which often paves the way for wider acceptance in the industry.
 
Influence of Load Management on DAC
 
A great deal of active discussion occurred during this part
 
of the session. The following questions were heard repeatedly:
 
(1) 	 Do load management requirements necessitate the use
 
of DAC or does DAG necessitate use of load manage­
ment methods?
 
(2) 	 When justifying today's load management project, do
 
we need to look at installing DAC systems in the
 
future?
 
(3) 	 What are systems operation versus future planning
 
considerations?
 
It was agreed that today no one is looking at DAG as a
 
whole. Each utility is doing the part of DAG that suits its own
 
needs. The DOE representative said that DOE is planning for a demon­
stration project with TVA. The project will eventually demonstrate
 
DAC systems installed in a selected distribution system. One partici­
pant suggested the following criterion: the ability to get a signal
 
through to switches even when feeder lines are down.
 
A comment was made that we are "jumping the gun," because
 
we are trying to include too much of the future in today's planning.
 
Some participants felt that load management must be addressed now, but
 
that DAG's time and place is in the future.
 
Several participants felt that the utility industry will
 
not get appreciable results from DAG until 1983.
 
DAG Equipment Installation
 
One participant asked, "Has anyone installed DAG equipment?"
 
The response was no. He added that it appears that DAG would be
 
installed first at the substation and then on the customer's premises.
 
Another participant noted that, from a load management point of view,
 
perhaps DAC should be installed on the customer's premises first and
 
then at the substation.
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A participant pointed out the risk of installing equipment
 
today that may not be usable tomorrow. There was agreement that today's
 
needs must be taken care of today, even if the equipment chosen may be
 
obsolete tomorrow. Some participants felt that, preferably, DAC
 
systems should be installed at commercial and industrial sites first.
 
These customers have larger loads, are fewer in number, and are easier
 
to deal with in negotiations. A participant commented that, as DAC is
 
installed, the utility industry needs to make sure that components on
 
the customer's premises do not have to be replaced in the future
 
because of utility mistakes in DAC equipment selection. One way to do
 
this is to keep components simple. The participant commented that it
 
is all right to replace central components. Some participants
 
expressed doubt that discussions of DAC with customers would elicit a
 
supportive response. However, participants acknowledged that industrial
 
customers are more sophisticated than residential customers. Comments
 
followed describing the City of Burbank's success in gaining industrial
 
community support for a load management program designed to avoid
 
rolling blackouts. The City of Burbank made an appeal to good citizen­
ship in conjunction with self-interest. For example, the Burbank
 
Public Service Department has a verbal agreement with Lockheed to shed
 
part of Lockheed's load under specified conditions. Under emergency
 
conditions, the Public Service Department will eventually be able to
 
reduce Lockheed's load first by about 5%, and if the emergency condition
 
persists, by a total of about 10%. It was pointed out that essential
 
loads associated with industrial processes should not be under public
 
utility control.
 
Several participants felt that there were pressures to
 
make planned load management systems fit with future and potentially
 
available DAC systems. One participant commented that the real value
 
of putting in DAC now is to start training people. He felt that even
 
though the DAC equipment installed today will soon be obsolete, the
 
industry must take the step now.
 
Key Issues and Uncertainties
 
The following key issues and uncertainties were identified
 
and discussed by the participants:
 
(1) 	 Will regulators allow or demand DAC?
 
(2) 	 If the time to implement DAC is not now, but in the
 
future, what can we do today to prepare for the
 
future?
 
(3) 	 How can the industry develop an interface among
 
utilities, customers, and regulators?
 
(4) 	 How can presently-installed pieces in a load manage­
ment system be made to best contribute to the ultimate
 
DAC system? How can the industry minimize the likeli­
hood of being trapped by inadequate components,
 
especially on the customer end?
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7.6 
(5) 	 How can regulators get all of the facts prior to
 
mandating standards and other rulings? How can the
 
regulatory/utility industry interface be improved?
 
The discussion of key issues and uncertainties concluded
 
the session.
 
DAC CONTROL HIERARCHY WORKING SESSION
 
Chairman: 	 Dr. Fred Schweppe
 
Electric Power Systems Laboratory
 
Massachusetts Institute of Technology
 
7.6.1 Definition Statement - DAC Control Hierarchy
 
Control Hierarchy (CH) of highly integrated, advanced
 
systems is 	an extremely complex field. The following introduction to
 
Control Hierarchy from Fact Sheet 6 of the DAC Working Group Informa­
tion Booklet (see Appendix D) illustrates the numerous areas involved
 
in DAC system Control Hierarchy.
 
DAC Control Hierarchy is a determination of the
 
priority for access and control by the DAC sys­
tem among the four technical motivations should
 
a conflict for access arise. The DAC control
 
hierarchy would be interfaced with the system
 
benefits. As an example, if actions calling
 
for load control simultaneously with service
 
restoration following a fault were received at
 
a distribution substation, theiservice restora­
tion action would prevail. Some local grouping
 
of control functions could minimize such
 
conflicts.
 
Another aspect of control hierarchy is the
 
distributed nature of processing of information
 
desirable to minimize competition for vertical
 
communication links...
 
There is a 	hierarchy of control systems and
 
subsystems which can be viewed as an arrange­
ment based on authority and the special right
 
to override or interrupt the actions of other
 
systems...
 
Another aspect of the DAC Control Hierarchy
 
involves location of functions and the physical
 
relationships of elements of the hierarchy to
 
"control centers" and human operators,..
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Yet another aspect of the DAC Control Hierarchy
 
involves consideration of the frequency of
 
actions, number of points controlled or moni­
tored, and the total information processing
 
requirements...
 
The last aspect involves the creation of
 
boundaries within which decisions can be made
 
without reference to higher authority...
 
7.6.2 	 Scope of Session
 
Insufficient time was available to permit the group to
 
discuss all of the issues related to all of the subtopics included in
 
the "definition" of control hierarchy. In an effort to condense the
 
task of the session down to a manageable size, the chairman prepared a
 
number of worksheets and predetermined the areas to be discussed. He
 
indicated that the discussion would not include the following categories:
 
(1) Communication hierarchy:
 
(a) Hardware.
 
(b) Software.
 
(c) Routing of data and signal traffic.
 
(2) Relaying and switching by microcomputer.
 
(3) Transient, dynamic system stability issues.
 
The group was not in full agreement with dropping all of these areas
 
from discussion, but accepted the constraint, realizing that time
 
limitations made a reduced scope essential.
 
7.6.3 	 Working Outline
 
Dr. Schweppe proposed a system consisting of
 
(1) A three-dimensional hierarchy.
 
(2) Two-part control.
 
(3) A number of modes of operation.
 
(4) Four basic models of response.
 
These elements were then configured into separate worksheets for the
 
Decision Making System and Information Processing System of the overall
 
DAC Control System.
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The following outline was developed by Dr. Schweppe 'and
 
handed out to the session to clarify the component areas of the system
 
approach he-proposed.
 
Three-Dimensional Hierarchy
 
(1) 	 "Priority" of Functions.
 
(a) 	 Load Management (LM).
 
(b) 	 Unconventional Energy Resources (UER).
 
(c) 	 Distribution System Management.
 
(d) 	 Preventive, Emergency, and Restorative State
 
Control (PERSC).
 
(2) 	 "Location" of Function,
 
(a) 	 Usage device.­
(b) 	 Customer.
 
(c) 	 Feeder.
 
(d) 	 Substation.
 
(e) 	 Distribution Control Center.
 
(f) 	-Bulk System Control Center.
 
(3) 	 "Time Response" of Function.
 
(a) 	 0 to X seconds.
 
(b) 	X seconds to 1 minute. 
(c) 	 1 to 5 minutes.
 
(d) 	 5 minutes to 1 hour.
 
(e) 	 1 hour to 1 day. 
(f) 	 1 day to 1 week.
 
Two Part Control System
 
(1) 	 Information Processing System (convert- Iata into
 
model)
 
(2) 	Decision-Making oybem ku model to-make decision
 
for an action)
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NOTE
 
The Decision-Making System logic depends
 
heavily on the "function" involved whereas the
 
Information Processing System is somewhat inde­
pendent of the "function" since the same model
 
will be used at various times to make different
 
decisions.
 
Modes of Operation
 
(1) System Modes.
 
(a) Normal.
 
(b) Emergency.
 
(1) Bulk System.
 
(2) Distribution System.
 
(c) Restorative.
 
(1) Bulk System.
 
(2) Distribution System.
 
(2) Information Processing System Modes.
 
(a) Valid Model.
 
(b) Invalid Model.
 
Models (to be developed in the'Information Processing System)
 
(1) Power Demand/Generation (KW and VAR).
 
(a) Type
 
(1) Explicit.
 
(2) Statistical.
 
(b) Properties.
 
(1) Time dependence.
 
(2) Response to control.
 
(3) Weather dependence.
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(c) Level (location)
 
(1) Usage device.
 
(2) Customer.
 
(3) Feeder.
 
(4) Substation.
 
(d) Time Span.
 
(1) 0 to 1 minute.
 
(2) 1 to 5 minute.
 
(3) Etc.
 
(2) Network Configuration/Status.
 
(3) Network State.
 
(a) Voltage.
 
(b) Line flows.
 
(c) Etc.
 
(4) Weather.
 
7.6.4 Session Worksheets
 
Results
 
Following a review of this material, the group was asked to
 
fill out a matrix to develop some design parameters and hierarchy
 
recommendations for the Decision-Making System. Tables 7-1 through 7-3
 
present composites of the group's efforts to complete the matrixes,
 
based on the assumption that the models recommended are all valid.
 
Additional Considerations
 
Here are some statements by group members that should be
 
taken into consideration when the results in Tables 7-1 through 7-3
 
are reviewed:
 
(1) Time constraints did not allow the group to address
 
the specific hierarchical control issues of precisely
 
what decision is made, where and when.
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Table 7-1. Decision-Making System: Normal Mode
 
LM UER DSM 	 PERSC
 
Under 	normal mode - can function in
Priority 	 all areas. Focus on preventive.
 
Bulk Control Distribution Bulk System
Location Bulk Control 
(where Center (im- Center or Dispatch and/or Dis­(ero Cente a customer Center and tribution
 
(no group feeder or System.
is made) lower levels) 

concensus) customer (as needed)
 
Time 10-15 minutes 10-15 mi- 1-2 minutes 15 minutes
utes to
 
Response to 1 hour 1 hour to 2 minutes to 1 hour
 
Weather,
 
load System con-
Models (depending figuration System state,
Needed Weather, load on where and state, system con­
decision voltage, figuration
decisionload
 
is made)
 
(2) 	The analysis considered only utility systems with
 
generation, and took no note of utility systems
 
without generation.
 
(3) 	 The discussion seemed to be weighted toward the bulk
 
system point of view. This preference seems to con­
flict with one of the conclusions developed in the
 
impact on System Design Session - specifically, that
 
decisions should be made as far down the system as
 
possible (see Section 7.7).
 
(4) 	 The effect of penetration of DSG and UERs was
 
minimized.
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------------------------------------ 
---------------------
-------------------------------------------------
Table 7-2. 	 Decision-Making System: Emergency Mode -

Bulk System (EB), Distribution System (ED)
 
UER 	 DSM PERSC
 
LM4 (utility owned)
 
I (EB) (if
 
Priority 2 (EB) generation 9 (EB) 10 (EB)
 
(I = low, available)
 
10 = high) -------------------------------------------------------­
3 (ED) 3 (ED) I (ED) 1 (ED) 
Central Dis­
patch Center 
Bulk Control 	 Bulk System Bulk System
for supply, (EB) (EB)

Center (EL) customer for
 
Location demand (E)
 
..---------------------------------------------------

Distribution Distribution Distribution Distribution
 
System (ED) System (ED) System (ED) System (ED)
 
to 15 to 15 to 15 to 15 
Time minutes (EB) minutes (EB) minutes (EB) minutes (EB) 
Response 	 15 minutes 15 minutes 15 minutes 15'minutes
 
(ED) (ED) (ED) (ED)
 
Load, voltage Capacity Capacity Capacity 
frequency de- Caci Caact Cpct 
pendence (EB) (EB) (EB) (En) 
Models 
Needed 
Voltage pro­
file, line 
segment, grid 
system (ED) 
(lack of 
Sa
L 
me as for 
(ED) 
Sam
1II 
e as for 
(ED) 
Same as for 
LM (ED) 
consensus on 
this point) 
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1 
Table 7-3. 	DecisionMaking System: Restoration Mode -

Distribution System Only
 
LM ~~UER S EC
 
LM (utility owned) DSM PERSG
 
Priority
 
(1 - low, 2 2 1 

10 - high)
 
Same as
Same as Same as-
Location Distribution 
Dispatch Center for LM for LM for LM
 
to 2 minutes
 
Time ( day for storm- Same as Same as Same as
 
Response related faults for LN for LN for LM
 
requiring crew
 
action in field)
 
Models Circuit config- Same as Same as Same as
 
Needed uration, load for LM for LM for LM
 
7.6.5 	 Discussion .... IjL ...... ents
 
The group, in the process of completing the decision­
making system tables, brought up some points that should be noted
 
In this Working Session almost no statement received universal
 
endorsement. This disagreement was in itself perhaps the most signi­
ficant single statement of the group. Control hierarchy is a very
 
basic issue, and the decisions that a utility makes in this area tend
 
to reflect its perspective or philosophy of power system operation and
 
emergency response. The disagreements expressed in the session
 
suggest that DAC systems should be developed with enough flexibility
 
to adapt to the various control philosophies of different utility
 
companies. As was asserted in the Functional Requirements Working
 
Session (Section 7.4)-, there are inherent differences between utilities;
 
they probably will never apply the same solutions-in all DAC-related
 
areas. Therefore, any new systems that attempt to impose general
 
solutions on the utility industry - solutions that do not-allow for
 
Zndividual differences - will most likely be rejected.
 
The following statements emerged from the group's
 
discussion:
 
(1) Emergencies can originate from many sources:
 
(ai Equipment failure.
 
(b) Overloads.
 
(c) System faults which can cause'equipment failures.
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(2) 	 When an emergency arises from a major equipment
 
failure, the restoration may or may not be improved­
by use of DAC.
 
(3) 	 Control of UERs poses many hierarchy problems and
 
questiong related to the distribution system. These
 
issues must be clarified and answers sought which
 
will be acceptable to non-utility owners.
 
(4) 	 DAC systems could very likely reduce the number of
 
minutes of customer outage and the number of cus­
tomers affected by an outage during an emergency.
 
(5) 	 The viability and effectiveness of voltage reduction
 
as a short "time response" function is not clear and
 
should be investigated.
 
(6) 	 DAC system could assist in the following functions:
 
(a) 	 Fault diagnosis (possibly).
 
(b) 	 Data base management.
 
(c) 	 Establishmdntof restoration priorities.
 
(d) 	 Improve overall system reliability.
 
Throughout the session the discussion tended to center on issues that
 
would be involved in system response during preventive, emergency or
 
restorative states.
 
7.'7 IMPACT ON SYSTEM DESIGN WORKING SESSION
 
Chairman' 	Orville L. Hill
 
Senior Electrical Engineer
 
Pacific Gas and Electrih Compan
 
7.7.1 Definition Statement - Impact on System Design
 
The group felt that the definition statement in Fact Sheet
 
8 of the DAC Working Group Information Booklet (see Appendix D) was toc
 
long, but made no specific changes to it. It is partially restated
 
here as reference information.
 
System Design involves the selection and arrange­
ment of components and their interconnection
 
based on operating practices, economic evalua­
tions of components and configrations, and cri­
teria based largely on experience. New communi­
cation and control tools will allow for load
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patterns never before experienced, impacting
 
economic component selection and configuration,
 
but will also enable the.monitoring of these
 
load patterns to aid in future system design...
 
7.7.2 Major Statements
 
In its discussion the group reached.only one signfi_....
 
conclusion: The basic design concepts of future distribution systems
 
employing DAC technology will differ little from those of present day
 
systems.
 
Otherwise, the discussion did not reach any other far­
reaching recommendations, issues or statements. The group's discussio
 
covered a variety of topics and produced a-number of points:
 
(1) 	 Changes in system design will come slowly as reactioi
 
to new developments and experience with advance elec­
tronics technology.
 
(2) 	 There will possibly be a trend to higher voltages an(
 
to increased-diversity within the distribution systei
 
(3) 	 The penetration of advanced equipment systems in cer­
tain areas is not now technically limited but market
 
limited.
 
(4) 'Once a market is demonstrated, standard equipment
 
units should be repackaged to include the DAC contro
 
and communication devices as an internally integrate(
 
part of the unit.
 
(5) 	 Harmonics and line noise will pose a problem. How­
ever, alteration or limitation of customer's freedom
 
to operate noise producing devices on line by means
 
of regulations should not be viewed as a viable'solu­
tion. The goal should be to minimize forced changes
 
at the consumer level.
 
(6) 	 DAC opens the door to implementation of large batterl
 
storage at substations or even on distribution feede:
 
(7) 	 Batteries and other DSG sources should be viewed as
 
having multiple functions for both peak shaving and
 
emergency fault restoration, but these should be
 
utility controlled.
 
(8) 	 There is a need for reliable, inexpensive microprocei
 
sors for local control. Also needed are very low
 
cost, moderately accurate transducers for remote
 
detection and transmission of system data on
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Watts
 
VARs 
Voltage
 
Current
 
Temperature
 
(9) 	 Distribution system design will not change rapidly
 
or radically. The introduction of dispersed storage.
 
and generation will be facilitated as the communica­
tion technology, devices and transducers become more
 
reliable and less costly.
 
7.7.3 Discussion
 
The participants felt that the definition statement encom­
passed such a broad area that it precluded a meaningful answer to the
 
question, "What impact will DAC have on system design?" The group con­
cluded that the overall impact on system design would be minimal. A
 
number of specific topics were then discussed. Numerous issues were
 
considered in these areas, but a consensus was seldom reached, and the
 
issues were not considered to be of great importance by the session
 
participants. The following statements were made by the group:
 
Harmonics and Noise
 
(1) 	 It should be determined what noise problems will be'
 
encountered as the new dispersed generation units
 
come on line and how the system will respond.
 
(2) 	 Some major noise producers may have to be retrofit to
 
avoid interference, especially with high-frequency
 
communication systems.
 
(3) 	 Most of the group felt that the utilities should not
 
try to limit certain customer load types, even if
 
harmonic-producing loads proliferate.
 
Dispersed Generation and Storage (DSG) and Two-Way Power
 
Flow With the Customer
 
Much of the discussion directly or indirectly focused on how
 
the utility system should be adapted to accommodate DSG. There was much
 
agreement that the utilities needed to maintain control of power entering
 
the grid. DSG was seen to bring new problems which could affect system
 
design, including
 
(]) 	Generation planning.
 
(2) 	 Voltage and frequency control.
 
(3) 	 Equipment ownership and maintenance,.
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(4) Fault liability and restoration procedures and
 
responsibility.
 
(5) 	Generation reliability must be assured to customers
 
served primarily from DSG sources, via advanced
 
controls.
 
(6) 	 Power dispatching and scheduling.
 
(7) 	Extended remote feeder switching needs.
 
(8) 	 Special rates for DSG customers, to be developed along
 
with incentives for the generating customer to permit
 
a high level of control to the utility.
 
Batteries
 
Batteries were discussed a number of time ns nnntninllv
 
advantageous storage mechanisms.
 
(1) 	Large remote batteries on feeders could almost simu­
late a substation. This could be helpful where there
 
is no nearby transmission line, but it would require
 
remote control of inverters, etc., which is not yet
 
developed.
 
(2) Batteries could aid in (a) flattening peaks and
 
-I'. (b) providing system disturbanceablutions.
 
(3) 	 Special intelligent DAC synchronizers should be
 
designed to assure that battery inverters always.
 
reclose in phase.
 
New Equipment
 
It was realized that DAC could change not only the overall
 
system design,concept but alter the specific compoients. In -fact, com­
ponent modification would most likely appear well before a highly DAC­
impacted "system design," Some components issues are
 
(1) 	New types of power transformers should be designed far
 
improving thermal operation to improve lodd factors
 
and use communication systems for real-time tempera­
ture monitoring.
 
(2) 	A new generation of sectidnalizing "switches should be
 
developed for complex automatic or "smart" assisted
 
re-routing procedures.
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(3) Automatic/remote transfer of radial taps could start.
 
(4) 	Fusing as we know it may disappear.
 
Penetration of Microprocessor Technology
 
The microprocessor, solid-state, control electronics field
 
has been subject to rapid development in the last decade. The group
 
discussed how this technology may affect areas of distribution system
 
design.
 
(1) 	 "Smart" devices may be designed to change current
 
concepts of:
 
(a) 	 Reclosers.
 
(b) 	 Fuses.
 
(c) 	 Regulating equipment.
 
(d) 	 Others.
 
(2) 	 DAC systems design will be based on minimizing the
 
communications requirements among the control center
 
and local control locations dispersed throughout the
 
distribution system.
 
(3) 	 Control systems must be'designed with the capability
 
to remotely override the local decision-making of
 
microprocessors from more central control centers.
 
(4) 	 Modern electronics will first impact communications
 
and control systems; then individual equipments in
 
the distribution system; and, lastly, overall dis­
tribution system design.
 
(5) 	 DAC systems may improve operations in the distributioi
 
system in a number of ways:
 
(a) 	 Detection of power theft.
 
(b) 	 Fault location.
 
(c) 	 Data retrieval for generation planning and
 
scheduling.
 
(d) 	 More precise voltage control.
 
(6) 	 To facilitate DAC penetration at lower levels in the
 
distribution system, low cost transducers must be mad,
 
available for power, current, voltage, temperature,
 
etc., 	monitoring and data acquisition.
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7.8 
General
 
The group found many areas where the distribution system
 
elements could be affected, but did not expect to see significant
 
changes to basic design (e.g., departures from network or radial con­
figurations, etc.).
 
COMMUNICATION ALTERNATIVES WORKING SESSION
 
Chairman: 	 John B. Blose
 
Senior Engineer, Energy Distribution Research
 
Philadelphia Electric Company
 
The participants set four objectives for the ------- :
 
(1) List 	communications alternatives.
 
(2) Identify present activities.
 
(3) Discuss required channel capacity.
 
(4) Discuss key issues and uncertainties.
 
7.8.1 Definition Statement - Communication Alternatives
 
The group did not revise the definition statement, even
 
though some felt that it was restrictive. The definition presented here
 
is taken, in its entirety, from the Fact Sheet 7 on Communication Alter­
natives in the DAC Working Group Information Booklet (see Appendix D).
 
The DAC systems of the future will require that
 
substantial amounts of information and control
 
instructions be conveyed among centralized con­
trol facilities, dispersed remotes and even
 
individual devices. This extreme dispersion of
 
controlled devices and telemetry points has a
 
significant impact on the methods to be used
 
for conveying information. Also, the paths for
 
information must be capable of bidirectional as
 
well as unidirectional flow. Further impacting
 
the selection of communication alternatives is
 
the need for security of information flow, and
 
the avoidance of interference with (and from)
 
other systems. The alternatives presently being
 
considered include
 
* Radio.
 
* Power Line Carrier.
 
" Telephone, Communication Utility System.
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" Telephone, Power Utility Owned.
 
* Microwave.
 
* Satellite.
 
* Fiber Optics.
 
* Hybrid (any combination of more than one of
 
+ above).
 
7.8.2 Major Statements
 
(1) 	More attention should be directed to (a) the meter
 
reading function, not only at residences, but also
 
at commercial and industrial sites and (b) con­
trolling interruptible loads and monitoring load­
deferral compliance.
 
(2) 	The meter reading function is more important than
 
ever, owing to the advent of time-of-day rates and
 
increasing manual reading costs.
 
(3) 	 Research and development projects on DAC communication
 
alternatives have been under way for some time, and
 
there is a need to disseminate the results from these
 
projects. This will help to avoid duplication of
 
effort.
 
(4) 	 Several utilities are currently enlisting support from
 
their customers as volunteers for DAC communications
 
experiments.
 
(5) 	 Concern was expressed by some participants'regatdtng

"going beyond the meter" with monitoring and decision­
making. They thought that the best way to influence
 
customer demand for electricity is to set demand rates
 
and let the economic factors control loads to the
 
appropriate levels. Others thought that load manage­
ment by incentives without control would prove futile.
 
7.8.3 Discussion
 
The group discussed communicati6n alternatives, present
 
activities, and key issues and uncertainties. Several communications
 
alternatives and activities were discussed including:
 
(1) 	 Power line carrier: At'least 10 trials now active.
 
(2) 	Two-way UHF/VHF: One EPRI/DOE trial: one commercial.
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(3) 	 'Radio/carrier hybrid, one-way: Several test and
 
commercial installations.
 
(4) 	 FM radio, SCA, one-way: Developmental.
 
(5). 	 AM radio, subaudibles, one-way: Developmental:
 
(6) 	 AM radio, carrier modulation, VHF return, narrow­
band: Developmental.
 
(7) 	 60 HZ system, voltage and current wave distortion:
 
Under test.
 
(8) 	 "Ripple" systems, one-way, developing return'
 
techniques: Commercial.
 
It was pointed out that a commercial AM radio, subaudible
 
tone installation exists in the Ontario Hydro System for one-way load
 
control. The ALTRAN Radio Control and Metering System was discussed.
 
This system consists of two-way communication links. -The "Forward"- link
 
utilizes existing AM broadcast stations to transmit low rate (16 bits
 
per second) control signals by phase modulation of the AM carrier. The
 
Forward link modulation sidebands remain well within the subaudible
 
-regions below 20 Hz) of AM channel. The "Reverse" link utilizes a
 
radio channel (e.g., at VHF). The user messages are relatively short
 
(30-60 bits) and are assigned a unique slot of time and frequency.
 
Mr. Louis Martinez is president of the ALTRAN Company, which is located
 
in Torrance, California. Another related project, sponsored by the
 
Electric Power Research Insitute, involves a UHF application at about
 
950 MHz using a two-way radio. Motorola is apparently negotiating with
 
a Georgia utility company for an installation at about 950 MHz.
 
A member of the session asked if there are any DAC activi­
ties related to microwave'technology. The consensus appeared to be no.
 
Communication alternatives involving telephone systems were
 
discussed. 'One test of telephone systems is being conducted'by EPRI/
 
DOE, and the telephone companies seem to have a growing int&rest in this
 
field. A participant mentioned the DOE-funded DARCOM/Omaha Public Power
 
District installation, which appears to be proceeding with success. A
 
representative from Ontario Hydro said that in late fall there will be
 
an extensive test involving 500 points in Cahada. Bell of Canada and
 
some manufacturers will participate in the test. This test involves a
 
microprocessor scanner and a direct coupler into the customer's line,
 
bypassing the switching equipment within the telephone companies. The
 
objective is to scan each point every 5 minutes. The representative
 
from Philadelphia Electric said that telephone companies are developing
 
a system for control with the subscriber's telephone either on or off
 
hook. The representative from San Diego Gas and Electric asked about
 
the scan rate of the available telephone systems. He also asked abou
 
the purpose of the extensive test in Ontario, etc.? No conclusive
 
answers were offeted.
 
Next, the group discussed power line carrier (PLC) systems.
 
Three tests are currently in progress under EPRI/DOE sponsorship, and
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General Electric has trials under way with six utilities. Participants
 
in those tests include Duke Power, Georgia Power, Philadelphia Electric,
 
Commonwealth Edison, Pacific Gas and Electric, Consolidated Edison, and
 
DelMarVa Power. A representative from Niagara Mohawk discussed Phase
 
Three of the GE project, which includes microprocessors in the sub­
station. A representative from Pacific Gas and'Electric commented on a
 
demonstration of the Rockwell PLC system. Mention was made of the
 
American Science and Engineering system at Jersey Central Power and Light.
 
This system includes 1,000 points, time-of-day meter reading, and load
 
research, and involves six substations. Also, reference was made to
 
a PLC project involving American Electric Power with Automated Tech­
nology Corporation, which is now on line. Other joint manufacturer/
 
utility trials include Consolidated Edison with Hazeltine, and Florida
 
Power Corporation and Florida Power and Light with American Science
 
and Engineering in a PLC project. New England Power Service has
 
developed a prototype for a unique power system concept (TWACS). Emer­
son Electric is designing a second generation prototype to be demon­
strated in the near future. A wide range of functions will be involved
 
and the system will be bidirectional.
 
Next, 	the participants discussed ripple. Manufacturers of
 
ripple control equipment, as identified by meeting participants, are
 
Weston-Schlumberger, Landis and Gyr, Plessey, Brown-Boveri, and Siemens.
 
Some of these companies are developing practical feedback systems.
 
Next, the participants discussed coaxial cable. There were
 
some references to Hughes in El Segundo, California, .but no specific
 
information was off~red. One participant identified franchises and
 
politics as major problem areas.
 
In regard to meter reading, the representative from Northern
 
States Power pointed out that the data rate of the communication channel
 
can limit the performance of the system. His feeling is that the best
 
approach will involve "significant intelligence" at the customer's meter
 
and only periodic reporting to the utility central computer. This
 
approach allows use of relatively slow but secure data channels.
 
The following new key issues and uncertainties were identi­
fied and discussed by the participants:
 
(1) 	 More frequencies for utility system communications are
 
needed. It is not clear what agency or group is
 
responsible for frequency spectrum allocation and
 
management for PCL. J. Loferski stated that he is
 
Chairman of the Utilities Telecommunications Council
 
(UTC) 	Load Management/Distribution System Automation
 
committee and that his committee was considering this
 
issue. He said the 10 kHz to 190 kHz portion of the
 
spectrum is currently in use for PLC. This use may
 
not be allowed to continue, since there has been no
 
specific allocation by the FCC for PLC use within
 
this range. He said there are 26 frequencies identi­
fied as required for power systems. The group felt
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that the efforts initiated and pursued by the Utility
 
Telecommunications Council to obtain additional fre­
quency allocations should receive additional support.
 
The participant from Ontario Hydro said he had some
 
interest in an 8.2 kHz tone system and saw some
 
possible conflicts with other uses.
 
(2) 	 It is not clear whether it is necessary for the utilit
 
to own the communication system or if telephone sys­
tems can be used. It was pointed out that both the
 
power and telephone companies are regulated by the
 
PUG, so there should be a basis for common use of
 
equipment.
 
(3) 	 A sub-issue arose regarding simultaneous power and 
telephone outages. The Pacific Gas and Electric 
representative commented that they found no correla­
tion in a study with which he was familiar.
 
(4) 	 Channel capacity issues, .identification of functions,
 
and other requirements need to be resolved.
 
(5) 	 Will crosstalk or interference with other communica­
tions systems exist in DAC applications, and if so,
 
to what extent will it affect the quality of communi­
tions? What studies are needed in this area? What
 
guidelines or standards are necessary for customer­
generated interference?
 
(6) 	 How can utility companies deal with customer
 
interference?
 
(7) 	 Harmonic distortion is a concern in this area.
 
The discussion concluded with a comment by the chairman,
 
about the GE distribution system RF modeling contract and the Compu­
guard work on noise on the distribution system, both active projects
 
funded by DOE. He said that the hardware and techniques resulting from
 
these efforts should be useful for analyzing and testing utility power
 
systems, as soon as the projects are completed and final reports
 
released by DOE,
 
NEW SOURCE 	INTEGRATION WORKING SESSION
 
Chairman: 	 Thomas W. Reddoch
 
Associate Professor, Dept. of Electric Engineering
 
University of Tennessee
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7.9 
The procedure used in this session was to
 
(1) Identify issues.
 
(2) Discuss activities to resolve the issues.
 
(3) Discuss DAC's role in new source integration.
 
7.9.1 Definition Statement - New Source Integration
 
The chairman and the participants did not derive'a defini­
tion statement for new source integration. The definition presented
 
below is taken from the Fact Sheet 10 on New Source Integration in the
 
DAC Working Group Information Booklet (see Appendix D).
 
Technical and economic problems resulting from
 
increasing demand for electrical energy and
 
the growing scarcity of oil and natural gas arc
 
forcing the shift to energy conservation tech-,
 
niques such as cogeneration and to the utiliza­
tion of unconventional energy sources such as
 
solar and wind power. Coupled with these devel­
opments are techniques for storing energy during
 
periods of light, load demand. The development
 
of these new technologies and the integration
 
of them into the utility system require new
 
technological advances and present new design
 
problems to the .utility engineer.
 
The development of Distribution Automation and
 
Control (DAC) is required for the integration
 
of new sources within the utility distribution
 
system. DAC will provide the communications,
 
power processing, automation, control and pro­
tection, required when unconventional energy
 
sources such as fuel cells, photovoltaic,
 
solar thermal, wind, geothermal, and bat­
teries, are integrated into electric utility
 
distribution systems.
 
7.9.2 Major Statements'
 
Emphasis should be placed on the near term applica­
tion of unconventional energy resources (UERs) on
 
the electric utility system. In general this sug­
gests low-overall penetration; however, local con­
centraWinr'. may be significant. 
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(2) 	 It is generally conceded that effective integration of
 
UERs can be aided through DAC. Inventory, control,
 
economic dispatch, and safety of UERs can be enhanced
 
throughout the communications and control systems of
 
DAC.
 
(3) 	 The advent of UERs is imminent; the position of cis­
couraging the integration of UERs is no longer
 
acceptable. Rather, a positive attitude which seeks
 
definitive answers to fundamental questions is
 
recommended.
 
(4) 	 DAC is not essential for near-term integration of new
 
energy sources. However, when the penetration of new
 
sources reaches significant levels of total substa­
tion peak demand - which level is yet to be determined
 
--DAC could assist in system operation.
 
(5) 	 New source integration should be approached from the
 
standpoint of minimizing Overall costs to the con­
sumer while displacing the use of critical fuels.
 
(6) 	 Interaction between unconventional energy sources
 
located in close proximity to each other should be
 
investigated from the standpoint of dynamic stability.
 
(7) 	 The quality of the power being delivered to neigh­
boring customers can be impacted. Caution should be
 
exercised in interfacing unconventional energy
 
resources with the distribution system.
 
The chairman suggested that the electric utility industry begin a
 
program for the accommodation of UERs.
 
7.9.3 Discussion
 
As a basis for the discussion, three assumptions were made
 
to permit consistency in the recommendations:
 
(1) 	 All equipment is assumed to be tied directly into the
 
utility system and is under utility control.
 
(2) 	 Concepts should represent a near-term fix rather than
 
a global, long-term solution.
 
(3) 	 Control should trip all UERs in event of the loss of
 
central station power.
 
Although these assumptions may be limiting in many respects,
 
they do represent a position which is necessary for near-term accomr
 
modation of UERs.
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It was decided that discussion would center around the
 
following issues with wind technology as the focal point:
 
(1) Safety.
 
(2) Cost of back-up and buy-back.
 
(3) Control.
 
(4) Power conditioning.
 
The chairman described wind generators that fall into small,
 
intermediate, and large categories. He explained that small machines
 
are less than 100 kW. They are typically available in 1, 8, and 40 kW
 
units. In the intermediate class, there is one 100 kW unit, built by
 
NASA in Ohio; however, several 200 kW units are currently under con­
struction and test operation., A large, 2000 kW, machine is under con­
struction in Boone, North Carolina, and will be placed in operation in
 
May 1979. A 2500.kW demonstration is planned for early 1980. He said
 
that a great deal of demonstration field data has been accumulated for
 
wind generators. In fact, there are a number of wind machines tied in
 
now to utility electric grids in the United States. Some are owned by
 
the utility company and others are owned by customers.
 
. The point was emphasized that safety issues deal with pro­
tection of people 'as well as equipment. The comment was made that the
 
simplest protection is to trip the interconnect between the customer
 
and the utility when the utility line fails.
 
A participant mentioned the potential for problems with line
 
commutated converters. It was mentioned that each utility needs to
 
create a standard procedure for interconnecting with customers who are
 
generating electricity on-site. A comment was made that surge inter­
face specifications need to be developed to define maximum surge levels
 
at the interface between the electric grid and the customer's equipment.
 
It was pointed out that the independent generator must accept broader
 
responsibilities, if he agrees to be interconnected to the utility
 
electric grid system. As a result, 'the independent generator may,
 
under certain conditions, be held liable for safety or other problems
 
on the grid caused by his generating equipment. It was pointed out
 
that an "interface" specification should include:
 
(1) Frequency droop characteristics.
 
(2) Reactive power control requirements.
 
(3) Frequency synchronization and disconnect procedures.
 
The participants concluded that the utility industry and
 
the owners of UERs must deal with third party liability related to sys­
tem failure, surge or other problems caused to neighboring utility
 
customers. A neighboring customer could be affected when an event
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originating at an UER transmits "effects" through the-utility interface.
 
It'was pointed out that DAC technology can not deal effectively with
 
transient stability problems; however, DAC can assist in dealing with
 
long-term dynamic problems.
 
The following key issues and uncertainties-were identified
 
and discussed by the participants:
 
Safety 
(1) Utility personnel should be guaranteed protection. 
For utility controlled devices, this problemis 
minimized, if not eliminated. 
.(2) Equipment attached to the utility system must have 
protection. This can be achieved by an appropriate 
interface between the UER and the electric utility 
system. 
(3) If a unit is tied to the utility grid and the uncon­
ventional energy resource is on line to serve the 
load, who is responsible for safety problems associa­
ted with customer owned generators and devices? 
(4) Other customer's loads and other UERs must be pro­
tected at all times. 
(5) The UER must be protected against surges due to 
switching or lightning.. 
(6) K new protection philosophy for the distribution 
system must be developed since faults can be fed fro 
both directions. 
(7) Classical distribution systems use a simple overcur­
rent protection system with a unidirectional'protectio 
philosophy; however, UERs will call for bidirectional 
protection. 
(8) Each utility should develop a standard customer 
specification for the purpose of interconnecting 
UERs. 
(9) If UERs are not to be removed from service when 
central power station power is lost, many unresolved 
issues will exist, and what the liabilities will be 
in such circumstances is as yet undetermined. 
7-45
 
Cost of Back-up and Buy-Back - An Issue Related
 
to the Economic Feasibility of UER Applications
 
(1) 	 It is recommended that rates for sale of basic
 
electric service to customers with UERs be established'
 
on an experimental basis to permit assessing the
 
actual cost of serving the customer.
 
(2) 	 A rate for buying excess power from UERs should be
 
established. It should be on an experimental basis.
 
(3) 	 Customers with storage capability and load management
 
systemsshould.be given preferential rates for their
 
UER systems when the collective systems can be
 
effectively coordinated.
 
(4) 	 DAC systems can be effective in resolving some of the
 
rate issues because of associated information retrieval
 
systems and the control capabilities.
 
(5) 	 Rates involvihg UER customers affect all utility
 
customers.
 
Control Issue
 
(1) 	 The control and dispatu.. 
enhanced by DAC.
 
(2) 	 DAC can be vital in the effective integration of UERs
 
ahd storage into a coordinated system and optimal
 
us of the power output of the UER.
 
(3) 	 DAC can minimize problems of dynamic interaction
 
between UERs and the electric system through control.
 
(4) 	 Reactive power control should be aided through IJAC.-

Power 	Conditioning
 
(1) Many of the UER systems produce dc power, thus
 
requiring an inverter system to provide ac power.
 
Both forced commutated and line commutated systems
 
are available. The latter system has the advantage
 
.of 	tripping the system upon loss of central station
 
power.
 
(2) 	 Some commercially available converter systems produce
 
an excess of harmonics. These can affect telephone
 
systems as well as commun$ca~ion systems associated
 
with DAC.
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(3) 	 The development of interfacing standards will'be
 
necessary.
 
(4)' 	 -Since UERs may require converter systems, those
 
units 	located at the end of long feeders may
 
require special attention.
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CURRENT PROJECTS AND ACTIVITIES
 
Detailed information on the projects listed here may be
 
obtained by contacting the representatives of the organizations involved
 
who attended the DAC Working Group meeting (see Appendix D). Note that
 
this list is not a comprehensive DAC, RD&D reference, but simply a
 
list of activities identified by the participants during the DAC Work­
ing Group meeting.
 
DEMONSTRATIONS
 
Load Management
 
(1) 	 Southern Maryland Electric Corporation is installing
 
time-of-day meters and is planning to initiate a
 
load management program within one year, by order of
 
the Public Utilities Commission.
 
(2) 	 Wisconsin Electric is implementing a full scale
 
water heater control project, including two-way'
 
communications.
 
(3) 	 Northern States Power is performing a demonstration 
of -a variety of "controllable loads"for potential 
load management. 
(4) 	 Oak Ridge National Laboratory is managing a number
 
of load management demonstrations including large
 
scale system demonstration with the Tennessee Valley
 
Authority.
 
Dispersed Storage and Generation
 
(5) 	 Niagara Mohawk is conducting a 4.5 MWe fuel cell
 
demonstration at the Olympic Village.
 
(6) 	 Northern States Power is demonstrating design con­
cepts for space heating, thermal storage, and wind­
mills for residences.
 
Communication Systems
 
(7) 	 Philadelphia Electric Company is performing a field
 
trial of 50 GE AMRAC units in two test areas, and
 
a large scale pilot programt
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(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

Control Systems
 
(15) 

(16) 

(17) 

(18) 

(19) 

(20) 

General Public Utilities Service Corporation is
 
performing a 1000 point communication demonstration.
 
Omaha Public Power is demonstrating DARCOM telephone
 
line communication systems for metering and control.
 
Ontario Hydroelectric is managing two projects, one
 
for AM radio and one for phone line systems.
 
Pacific Gas and Electric has been operating a
 
telephone line-based system for 8 years.
 
Wisconsin Electric is analyzing two-way communica­
tions in conjunction with a water heater control
 
project.
 
Northern States Power is involved in field tests of
 
equipment by American Science and Engineering,
 
Westinghouse,, and ATC-Honeywell.
 
EPRI and DOE are performing a large scale demonstra­
tion of five communication system installations:
 
three power line carrier, one telephone, one radio.
 
Florida Power Corporation's SCADA Project, due on-line
 
in the second quarter of 1979, will interface with
 
and become a satellite to the new FPC Energy Control
 
Center.
 
Ontario Hydroelectric, with the Scarborough PUC, is
 
implementing a demonstration of capabilities for a
 
distribution automation system with two 27.6/16 kV
 
feeders in Toronto, in the AMEU Distribution Auto­
mtion Project. 
New England Power Service is doing TWACS prototype
 
tests and preproduction tests with Emerson Electric
 
Co.
 
Niagara Mohawk is investigating integration of elec­
tric and gas grids and renewable sources.
 
Niagara Mohawk is installing a BEST (Battery Energy
 
Storage Test) facility with Public Service Electric
 
and Gas, to be completed in 1980.
 
Northern States Power is evaluating ripple control
 
in conjunction with a power line carrier system.
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STUDIES
 
Economic Assessment
 
(21) 	 Florida Power Corporation is performing a number of
 
distribution automation, economic justification, and
 
feasibility studies.
 
(22) 	Niagara Mohawk is developing a method for DAC economic
 
and engineering assessment.
 
(23) 	 Westinghouse has computerized economic evaluation
 
techniques for storage and local control technologies.
 
(24) 	 General Electric is studying the economic benefits
 
of automatic meter reading and remote control using
 
power line carrier.
 
(25) 	 DOE has several studies in distribution system
 
economics.
 
(26) 	 Massachusetts Institute of Technology's Electrical
 
Power Systems Laboratory is developing advanced con­
trol system hardware components for implementation of
 
"homeostatic utility control."
 
(27) 	 McGraw-Edison is attempting to quantify noise charac­
teristics of certain system components.
 
(28) 	DOE is evaluating transformer losses.
 
Communications Systems and System Control
 
(29) 	 American Electric Power is evaluating bidirectional
 
control of remote feeder substations from their
 
operations center.
 
(30) 	 DOE is performing a mathematical modeling feasibility
 
study on using distribution feeders as a communica­
tion path.
 
(31) 	American Electric Power is studying distribution line
 
carrier data and communications system; "Residential
 
Electric Heating Study #1 AMRAC."
 
(32) 	McGraw-Edison is evaluating the reliability of com­
munications systems.
 
(33) 	Aer~can Electric Power is studying cold load pickup
 
and the distribution of circuit deiatd following
 
outages of 10-40 minutes.
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Load Management
 
(34) 	 American Electric Power is looking at the load
 
characteristics of 150 major electric appliances.
 
(35) 	 Oak Ridge National Laboratory is developing a load
 
management assessment methodology.
 
Customers
 
(36) 	 American Electric Power is studying the load charac­
teristics of 1500 customers, in all classes.
 
(37) 	 Ontario Hydroelectric is performing a door-to-door
 
survey of customers and solicitation for participa­
tion in an experimental load management program.
 
System Specifications
 
(38) 	Niagara Mohawk has begun to define specifications for
 
computerized control systems including consideration
 
of functions, hardware, and hierarchy.
 
(39) 	 Ontario Hydroelectric has prepared the first draft
 
of a DAC system functional specification.
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PARTICIPANTS - DAC WORKING GROUP MEETING
 
NOTES
 
Areas of interest are as indicated at the DAG
 
Workshop.
 
"Emergency State Control" refers to control and
 
monitoring actions related to events leading to
 
and during disturbances and outages, and to
 
restoration of services.
 
AMERICAN ELECTRIC POWER SERVICE CORPORATION
 
Verlin Warnock
 
Head, Distribution Engineering Section
 
2 Broadway
 
New York, New York 10004
 
Telephone: (212) 422-4800
 
Areas of Interest: Emergency State Control, Dispersed Generation
 
I 
Activities include evaluation of bidirecti.onal control of remote sub­
station feeder breakers station from operations control center acqui­
sition of circuit demand data to evaluate cold load pickup characteri:
 
tics. A project to study the load characteristics of 1500 customers
 
all classes and load characteristics of 150 major electric appliances
 
Studying distribution line carrier data and communications systems,
 
"Residential Electric Storage Heating Study #1 AMRAC." "Impact of
 
Voltage Reduction on Energy and Demand," IEEE 1978 Winter PES Meeting
 
Transaction Paper #78-015, Preiss, R. F., and Warnock, V. J.
 
BALTIMORE GAS & ELECTRIC
 
Bill Prince
 
Chief of System Operations
 
Gas & Electric Building
 
Baltimore, Maryland 21203
 
Telephone: (301) 234-5791
 
Areas of Interest: Emergency State Control, Reliability
 
BALTIMORE GAS & ELECTRIC
 
Ernest C. Dawson
 
Supervisor, Forecasting
 
P.O. Box 1475
 
Baltimore, Maryland 21203
 
Telephone: (301) 234-6409
 
Areas of Interest: Distribution System Management, Load Management
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Activities include forecasting customer requirements of gas, electricity
 
and steam services. Most experience has been in the Power Pooling Eco­
nomics and Electric System Planning field.
 
ELECTRIC POWER RESEARCH INSTITUTE
 
Dr. William Blair
 
Project Manager, Electrical Systems Division
 
3412 Hillview Avenue
 
P. 0. Box 10412
 
Palo Alto, California 94303
 
Telephone: (415) 493-4800
 
Areas of Interest: 	 Load Management, Communication Systems, Distribution
 
System Management, Revenue Requirement Finance
 
Activities include DOE/EPRI demonstration projects, especially demon­
stration of PLC, radio, and phone communication systems.
 
FLORIDA POWER CORPORATION
 
Russ Schoetker
 
Project Engineer
 
3201 34th Street S
 
P. 0. Box 14042
 
St. Petersburg, Florida 33733
 
Telephone: (813) 866-5212
 
Areas of Interest: 	 Distribution System Management
 
Activities include Distribution Automation economic justification
 
study, Distribution Automation feasibility study, development of a
 
Distribution SCADA system. The Distribution SCADA system is to be
 
interfaced with and become A satellite to the FPC Energy Control Center,
 
due on-line in the second quarter of 1979. Member of FPC Load Manage­
ment Task Force. Experimenting with 1 way and 2 way systems being
 
installed.
 
GENERAL ELECTRIC CORPORATION
 
Research and Development Center
 
Jack Easley
 
Senior Engineer, Power Distribution Systems Engineering
 
P. 0. Box 43
 
Schnectady, New York 12345
 
Areas of Interest: 	 Distribution System Management, Communication
 
System, Control System, Reliability
 
Activities include a project to study the economic benefits for AMR
 
and remote control utilizing PLC, several DAC studies with utilities.
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GENERAL PUBLIC UTILITIES SERVICE CORPORATION
 
J. Loferski
 
Manager Telecommunications/Electronics
 
260 Cherry Hill Road
 
Parsippany, New Jersey 07054
 
Telephone: (201) 386-5700, Ext. 314
 
Areas of Interest: 	 Distribution System Management,
 
Communication System
 
Activities include time-of-day metering, load research, measurement of
 
noise and interference, capacitor control, 1000 point communications
 
demonstration project. Chairman, Load Management/Distribution System
 
Automation Committee of the Utilities Telecommunications Council.
 
JACKSON UTILITY
 
John Williams
 
Superintendent, Electrical Department
 
P. 0. Box 63
 
Jackson, Tennessee 38301
 
Telephone: (910) 424-1911
 
Areas of Interest: 	 Distribution System Management
 
Activities include study of impact of voltage control and reduction on
 
major loads.
 
JET PROPULSION LABORATORY
 
Dr. Khosrow Bahrami
 
Technical Staff, DAC Team
 
4800 Oak Grove Drive
 
Pasadena, California 91103
 
Telephone: (213) 577-9126 or (FTS) 792-9126
 
Activities include studies in the area of automation and control of
 
electric utility distribution systems; investigation of the control
 
needs of future electric distribution systems; the impact of dispersed
 
storage and dispersed generation on the distribution system; related
 
digital computer and communication applications; studies in the area
 
of cogeneration (i.e., concurrent generation'of heat and electricity),
 
where a real life application to an existing oil refinery was studied
 
and conceptual design for waste heat bottoming cycles and topping cycle
 
were developed and costing basis was established; design and'developmeni
 
of distributed solar thermal generators.
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JET PROPULSION LABORATORY
 
Ralph Caldwell
 
Project Manager, Distribution Automation and Control (DAC)
 
4800 Oak Grove Drive
 
Pasadena, California 91103
 
Telephone: (213) 577-9162 or (FTS) 792-9162
 
Areas of Interest: 	All
 
Activities include analysis of communication and control needs for
 
future distribution systems. While Principal Electrical Engineer at
 
Burbank PSD: "Development of Design Criteria for Citywide Electric
 
Load Management and Control Systems" (for the APPA) and "Utility Con­
trolled Management of Industrial Customer's Electrical Loads," pre­
sented at WATTEC, February, 1978. Member "Load Management Task Force"
 
of IEEE.
 
JET PROPULSION LABORATORY
 
Dr. Robert R. Ferber
 
Technical Staff, Section 311
 
4800 Oak Grove Driver
 
Pasadena, California 91103
 
Telephone: (213) 577-9396 or (FTS) 792-9
 
Areas of Interest: 	 Dispersed Storage, Communication System,
 
Reliability, Dispersed Generation
 
Activities include chairing of session on Unconventional Energy
 
Resources. Over 50 energy technology papers and publications. Editor,
 
Nuclear Plant Safety (book) IEEE, 1971; Editor, Transactions of the
 
Ninth World Energy Conference, 1975. Requirements Definition Task
 
Manager for the Small Power Systems Application Project (Solar Thermal
 
Power).
 
JET PROPULSION LABORATORY
 
Dr. Elliott Framan
 
Utility Systems Manager, Office of Energy and Technology Applications
 
4800 Oak Grove Drive
 
Pasadena, California 91103
 
Telephone: (213) 577-9265 or (FTS) 792-9265
 
JET PROPULSION LABORATORY
 
Kengo Kawano
 
Project Analysis and Engineering Manager - DAC
 
4800 Oak Grove Drive
 
Pasadena, California 91103"
 
Telephone: (213) 577-9063 or (FTS) 792-9063
 
Areas of Interest: 	 All
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Activities include current activities in DAC Requirements Analysis and
 
Data Base generation. Previously involved with space flight command
 
and control center design and implementation. Included in activity
 
was data acquisition, computer systems, and display systems.
 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
 
Dr. Fred Schweppe
 
Professor of Electric Power Systems Laboratory, Utility Systems Program
 
Energy Laboratory Room 10-176
 
77 Massachusetts Avenue Tenn.
 
Cambridge, Massachusetts 02139
 
Telephone: (617) 253-4640
 
Areas of Interest: 	 Control System, Reliability, Revenue Requirement
 
Finance, Miscellaneous, Long Range Future Dis­
tribution System Control and Design Scenarios
 
Activities include "Homeostatic Utility Control." Chaired session on
 
DAC Control Hierarchy.
 
McGRAW EDISON COMPANY
 
Bob Owen (Participant); Robert M. Webler (Continuing Contact)
 
Power Systems Division
 
P.O. Box 440
 
Canonsburg, Pennsylvania 15317
 
Telephone: (412) 873-2294
 
Areas of Interest: 	 Distribution System Management, Reliability
 
Activities include a study to quantify the noise changes as a function
 
of the system characteristics such as capacity or banks, study of
 
communications reliability.
 
NEW ENGLAND POWER SERVICE COMPANY
 
Harold Kitching
 
Distribution Development Engineer, TWACS Program Manager
 
20 Turnpike Road
 
Westborough, Massachusetts 01581
 
Telephone: (617) 366-9011, Ext. 3014
 
Areas of Interest: 	 Distribution System Management, Load Management,
 
Communication System
 
Activities include TWACS preproduction prototype tests, assessment of
 
the economic benefits of load management, studies of 2-way automatic
 
communication and control. Chaired session on Distribution System
 
Management. "New England Utility Uses Voltage, Current Waves for Load
 
Control," T&D, Sept. 1977.
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NIAGARA MOHAWK POWER COMPANY
 
Dr. Roosevelt A. Fernandez
 
Research Engineer
 
Research & Development
 
Bldg. C-3, 300 Erie Blvd. West
 
Syracuse, New York 13202
 
Telephone: (315) 474-1511, Ext. 1063
 
Areas of Interest: 	 Load Management, Emergency State Control,
 
Communication System, Reliability, Distribution
 
System Management, Dispersed Generation,
 
Control System
 
Activities include "Optimum Peak-Shaving Mix," "Peak-Shaving on the
 
Electric Utility Grid Using Fuel Cells." A member of the EPRI Power
 
System Planning and Operations Task Force. Associated with advanced
 
generation and power system planning projects.- Emphasis on interface
 
concepts for dispersed generation and storage including analysis of
 
power systems impacts. Initiated projects involving transformer
 
diagnostic maintenance and improved utilization of generation,
 
transmission and distribution facilities. Installation of a 4.5 MW
 
Fuel Cell Demonstration, installation of load management equipment at
 
the Olympic Village, BEST facility to be completed in 1980, integration
 
of electric and gas grid and renewable resources.
 
NIAGARA MOHAWK POWER COMPANY
 
Frederick A. Rushden
 
Research Engineer
 
Research & Development
 
Bldg. C-3, 300 Erie Blvd. West
 
Syracuse, New York 13202
 
Telephone: (315) 474-1511, Ext. 7202
 
Areas of Interest: 	 Distribution System Management, Load Management,
 
Communication System
 
Activities include present activity in developing advanced methods of
 
reducing substation transformer noise and lightning damage to distribu­
tion circuits, as well as developing a system assessment of distribution
 
automation concepts. Currently, the major activity is in the assess­
ment and development of a cost-effective, comprehensive automated
 
distribution system. To this end, am conceptually designing and cost­
ing out various system concepts, assessing the financial impacts, and
 
managing an experimental evaluation program. Participated with DOE and
 
G.E. in PLC type communications system study, "Utility Responsibility
 
for Load Management", IEEE Electro 77. "Probe-A Feasibility Demonstra­
tion of Substation and Distribution Automation", American Power
 
Conference 1977.
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NORTHERN STATES POWER
 
Dan Nordell
 
SupervisingResearch Engineer
 
414 Nicollot Mall
 
Minneapolis, Minnesota 55401
 
Telephone: (612) 330-5822
 
Areas of Interest: 	 Load Management, Communication System, Dispersed
 
Generation, Dispersed Storage
 
Activities include IEEE PAS Substation Grounding Minnesota Power System
 
Conference; Plane Dispersion Modeling. Chairman of NSP Automatic
 
Meter Reading Committee. Responsible for NSP Development and Load
 
Management and metering technology. Direct experience with the
 
application of microprocessor technology to data retrieval and communi­
cations problems. Installation of power line carrier and evaluation
 
of ripple control at Minnesota Power and overlapping with NSP service
 
area. Demonstration of a variety of "controllable loads" for potential
 
load management use. NSP is demonstrating a variety of customer thermal
 
storage for space heating concepts and is demonstrating a small resi­
dential windmill. Parallel installation of AS&E and Westinghouse
 
carrier systems for evaluation at NSP. Field testing of ATC equipment
 
in cooperation with 	Honeywell to start late in 1978.
 
OAK RIDGE NATIONAL LABORATORY
 
Mike Kuliasha
 
Research Staff
 
P.O. Box Y
 
Oak Ridge, Tennessee 37830
 
Telephone: (615) 574-0330 or (FTS) 624-0330
 
Areas of Interest: 	 Load Management, Dispersed Generation
 
Activities include principal work on Load Management. Currently
 
working on assessment methodology and load management demonstration.
 
"Impact of Thermal Storage on Electric Distribution System" paper to
 
Summer T&D IEEE Conference.
 
OAK RIDGE NATIONAL LABORATORY
 
Hugh Long
 
Program Manager
 
P.O. Box X
 
Oak Ridge, Tennessee 37830
 
Telephone: (615) 574-5222 or (FTS) 624-5222
 
Areas of Interest: 	 Load Management, Distribution System Management,
 
Dispersed Storage
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Activities include telecommunications project with Omaha Public Power,
 
planning for large scale DSM demonstrations on the TVA distribution
 
system, several thermal storage projects. Load Management Project
 
*Administration and Management.
 
OAK RIDGE NATIONAL LABORATORY
 
John Stoval
 
Research Staff
 
P.O. Box X
 
Oak Ridge, Tennessee 37830
 
Telephone: (615) 574-5198 or (FTS) 624-5198
 
Areas of Interest: 	 Emergency State Control, Commu1irnin q-to
 
OMAHA PUBLIC POWER DISTRICT
 
Gerald J. Krause
 
Manager, Customer Requirements and Rates
 
1623 Harvey Street
 
Omaha, Nebraska 68102
 
Telephone: (402) 536-4068
 
Areas of Interest: 	 Load Management, Communication System
 
Activities include demonstration of telephone line-based system for
 
metering and control (DARCO).
 
ONTARIO HYDRO
 
Robert L. Hajas
 
Residential/Commerci&l Load
 
Superintendant
 
700 University Avenue
 
Ontario, M5G1X6, Canada
 
Telephone: (416) 592-3820
 
Areas of Interest: 	 Load Management, Distribution System Management,
 
Communication System
 
Activities include "Role for Load Management in Ontario," July, 1978,
 
*Energy Conservation Division Report #ECD-78-6, G.H. West and R.L. Hajas.
 
Detailed functional specification of customer load control and field
 
trial. Ontario Hydro is doing two projects on load management, com­
munication and direct load control; one involves telephone with AM
 
radio and the other is a PLC type. Activities include a door-to-door
 
customer survey soliciting opinion and signing up demonstration
 
volunteers. Ontario Hydro, with Scarborough PUC, is implementing a
 
demonstration of capabilities for a distribution automation system with
 
two 27.6/16 kV feeders in Toronto in the AMEU Distribution Automation
 
Project.
 
B-9
 
ONTARIO HYDRO
 
Lawrence V. McCall
 
Supervising Distribution Design Engineer
 
700 University Avenue
 
Toronto, Ontario, M5G1X6, Canada
 
Telephone: (436) 592-4781
 
Areas of Interest: 	 Load Management, Emergency State Control, Communica­
tion System, Distribution System Management, Control
 
System
 
Activities include CEA Research Report 76-13, "Quantifying the Benefits
 
of Distribution System Automation." Vice Chairman of IEEE/PES Switch­
gear Committee. Completion of the first draft and a functional spec. for
 
an automation project.
 
PACIFIC GAS & ELECTRIC COMPANY
 
Orville L. Hill
 
Senior Electrical Engineer
 
Room 1853,.77 Beale Street
 
San Francisco, California 94106
 
Telephone: (415) 781-4211, Ext. 2148
 
Areas of Interest: 	 Communication System, Control System, Dispersed
 
Storage, Load Management
 
Activities include participation in telephone line communication system
 
for data management on PG&E System. Chaired session on impacts on
 
System Design.
 
PHILADELPHIA ELECTRIC COMPANY
 
John B. Blose
 
Senior Engineer, Research and Testing Division
 
2301 Market Street
 
Philadelphia, Pennsylvania 19101
 
Telephone: (215) 841-4866
 
Areas of Interest: 	 Load Management, Emergency State Control, Dispersed
 
Storage, Communication System, Distribution System
 
Management, Dispersed Generation, Control System
 
Activities include AMRAC test installation which is in the second year
 
of Phase II, developing control.system based on "on-hook" or "off-hook"
 
use of telephone lines. Chaired session on communications alternatives.
 
"Automatic Meter Reading at Philadelphia Electric Company with the
 
General Electric Company Phase II AMRAC Equipment," by J.B. Blose,
 
EEI/AEIC Meter and Services Committee, Philadelphia, 9/21/76; "Auto­
matic Meter Reading at Philadelphia Electric Company-A Progress Report,"
 
by J.B. Blose, Pennsylvania Elec. Assoc., Eng. Sec. Johnson, Pa.,
 
10/17/75; "Automatic Meter Reading-Trial by Philadelphia Electric
 
Company," J.B. Blose, Penn. Elec. Assoc. Comm. Committee, Pittsburgh,
 
PA., 2/1/74.
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PUBLIC SERVICE OF NEW MEXICO
 
Evans Spanos
 
Load Management Coordinator
 
Public Service Bldg
 
414 Silver Avenue, S.W., P.O. Box 2269
 
Albuquerque, New Mexico 87103
 
Telephone: (505) 842-2700
 
Area of Interest: Load Management
 
SAN DIEGO GAS & ELECTRIC
 
James A. Hunter
 
Manager of Marketing Programs
 
P.O. Box 1831
 
San Diego, California 92112
 
Telephone: (714) 232-4252
 
Areas of Interest: 	 Load Management, Communication System, Revenue
 
Requirement Finance, misc. policy and development
 
Chaired session on Load Management. Active in formative years of
 
Load Management.
 
SOUTHERN MARYLAND ELECTRIC COOP., INC.
 
Richard J. McCoy
 
Chief Engineer
 
Hughesville, Maryland 20637
 
Telephone: (301) 274-3111
 
Areas of Interest: 	 Load Management, Revenue Requirement Finance
 
Activities include writing specifications for load management systems
 
and equipment.
 
UNION ELECTRIC COMPANY
 
James E. Healey
 
Manager T&D Operating Department
 
721 South 5th Street, P.O. Box 149
 
St. Louis, Missouri 63166
 
Telephone: (314) 621-3222, Ext. 2141
 
Areas of Interest: 	 Distribution System Management, Communication Syster
 
Activities include installation of supervisory control systems in
 
distribution substation, development of a customer master file system
 
providing a concise report when an outage is reported.
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UNITED STATES DEPARTMENT OF ENERGY
 
Kenneth W. Klein
 
Technical Assistant to the Director
 
Electric Energy Systems Division
 
20 Massachusetts Avenue
 
Washington, D.C. 20545
 
Telephone: (202) 376-4596
 
Areas of Interest: 	 Emergency State Control, Revenue Requirement Finance
 
Activities include several in distribution economics; transformer losses
 
evaluation; R&D-on electric energy systems.
 
UNITED STATES DEPARTMENT OF ENERGY
 
David Mohre
 
Branch Manager, Load Management Branch
 
Electric Energy Systems Division
 
20 Massachusetts Avenue
 
Washington, D.C. 20545
 
Telephone: (202) 376-4732
 
Areas of Interest: 	All
 
UNITED STATES DEPARTMENT OF ENERGY
 
Phil Overholt
 
Assistant Program Manager
 
Electric Energy Systems Divisioi
 
20 Massachusetts Avenue
 
Washington, D.C. 20545
 
Telephone: (202) 376-4732
 
Areas of Interest: 	 All
 
Activities include investigating the feasibility of using the distribu­
tion feeder as a communication path (mathematical modeling) noise
 
analysis on the distribution system.
 
UNIVERSITY OF TENNESSEE
 
Dr. Tom Reddoch
 
Associate Professor, Department of Electrical Engineering
 
Knoxville, Tennessee 37916
 
Telephone: (615) 974-5028 or (FTS) 855-5028
 
Areas of Interest: 	 Dispersed Storage, Load Management, Dispersed
 
Generation Revenue Requirement Finance
 
Activities include Specialist in application and development of utility
 
interface for dispersed wind generators. Active in DOE demonstration
 
projects. Chaired session on Integration of new sources.
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WESTINGHOUSE ELECTRIC COMPANY
 
David Berkowitz
 
T&D Systems Engineer
 
700 Braddock Avenue
 
East Pittsburgh, Pennsylvania 15239
 
(412) 256-2609
Telephone: 

Areas of Interest: 	 Load Management, Communication System, Distribution
 
System Management, Reliability
 
Senior Engineer for Transmission & Distribution Systems Engineering.
 
Responsibilities are primarily in the evaluation of new products for
 
the Transmission & Distribution Products Division. Has developed
 
several economic application techniques for the evaluation of load
 
control and energy storage technologies, and has computerized several
 
of them for use by the Raleigh Meter Division. Paper - "A Look at Load
 
Management for Non-Generating Utilities-Update"; "Both Generating & Non-

Generating Utilities Can Benefit from the Use of the Distribution Line
 
Carrier System" (Berkowitz, S.A. Jordan, D.L. Nickel); "The Value of the
 
Distribution Line Carrier System for Load Management" (Berkowitz, S.A.
 
Jordan, D.L. Nickel); "The Distribution Line Carrier System - Versatile
 
& Economical" (Berkowitz, S.A. Jordan, D.L. Nickel).
 
WISCONSIN ELECTRIC POWER
 
Glen Lokken
 
Superintendant, Special Studie
 
231 West Michigan
 
Milwaukee, Wisconsin 53201
 
Telephone: (414) 277-2560
 
Areas of Interest: 	 Load Management, Emergency State Control, Communica­
tion System, Reliability, Distribution System
 
Management, Control System
 
Activities include implementation of full scale water heater control
 
program including a 2-way communication system. "WE Takes First Step
 
Towards ADS," T&D Sept. 1977. Chaired session on Economic and
 
Institutional Issues.
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AGENDA - DAC WORKING GROUP MEETING
 
For reference purposes for those readers who did not attend
 
the DAC Working Group meeting, the agenda is given here to illustrate
 
the activities of the meeting.
 
Sunday, November 19, 1978
 
Evening:
 
Orientation of Working Session Discussion Chairmen
 
With JPL and DOE Staff
 
Monday, November 20, 1978 (Introduction and Overview)
 
Morning:
 
* Welcome 

* 	 DOE Overview of DAC 

* EPRI Overview of DAC 

0 "Distribution System
 
in the Year 2000,
 
Homeostatic Utility
 
Control 

-Break­
* 	 DAC Working Group
 
Goals, Objectives
 
and Format 

* 	 Panel Discussion -
Introduction of 
Technical Motivations 
-Load Management 

-Distribution of
 
System Management 

-Unconventional
 
Energy-Resources 

-Emergency State
 
Control 

Afternoon:
 
R. Caldwell, K. Kawano - JPL 
D. Mohre - DOE
 
W.-Blair - EPRI
 
F. Schweppe - MIT 
R. Caldwell - JPL 
J. Hunter - SDG&E
 
H. Kitching - NEPS
 
R. Ferber - JPL
 
W. Prince - BG&E
 
* 	 Working Session Discussions of Each of the Four
 
Technical Motivations (Load Management and Uncon­
ventional Energy Resources Management were combined,
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-Break­
* 	 Plenary Session With Chairmen's Reports, Discussion
 
and Distribution of Questionnaires
 
Evening:
 
a 	 Dinner
 
* 	 Dinner Presentation on
 
Solar Energy R. Ferber - JPL 
a Informal Discussions 
Tuesday, November 21, 1978 (The Six Areas of Issues)
 
Morning:
 
a 	 Areas of Issues Working Sessions
 
- Functional Requirements K. Klein - DOE
 
- Economic and Institutional
 
Issues G. Lokken - Wis. Elec.
 
-Break­
* 	 Areas of Issues Working Sessions
 
- Impact on System Design 0. Hill - PG&E
 
- DAC Control Hierarchy F. Schweppe-MIT
 
Afternoon:
 
* 	 Areas of Issues Working Sessions
 
- Impact on System Design (cont'd)
 
- DAC Control Hierarchy (cont'd)
 
-Break­
o 	 Areas of Issues Working Sessions
 
- Communication Alternatives J. Blose - Phil. Elec.
 
- New Source Integration T. Reddoch - U. of Tenn.
 
* Distribution and Completion of Questionnaires
 
Evening:
 
a 	 Dinner
 
o 	 Dinner Presentation on DAC
 
Functional Requirements )K. Klein - DOE
 
a Informal Discussions
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Wednesday, November 22, 1978
 
* Summary .Session
 
- Recap Results of Working Sessions and Relate to
 
Working Group Objectives
 
* Luncheon
 
a Executive Session (Working Session chairmen only) 
a Adjournment 
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APPENDIX D
 
PRE-MEETING MATERIALS (FACT SHEETS)
 
The Fact Sheets included in this appendix were taken
 
directly from the DAC Working Group Information Booklet, which was used
 
as a reference document during the meeting. 
The Fact Sheets provide
 
background and elucidate the starting point of the Working Session
 
discussions. The Fact Sheets are for reference purposes only and do
 
not represent a comprehensive or formal statement of definition or
 
opinion.
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LOAD MANAGEMENT 
DAC 	Workshop Fact Sheet #1
 
DEFINITION
 
The definition of Load Management is still being discussed in the El 
Industry. However, as a workshop definition, the following excerp;6For-Zj e DOE 
Program Plan DOE/ET 0004 will be used: 
"Load Management is the systems concept of altering A1 dal 
or apparent pattern of electricity use in order to(4&improve 
system efficiency, (2) shift fuel dependency from-.lim:Ct'd to 
more abundant energy resources, (3) reduce reser -iiuirements 
of generation and transmission capacity, and (irove re­
liability of service to essential loads". 
Load Management, in its most general application, requges that control capa­
bilities be available to the utility, in order to a the supply-load com­
bination. Load Management is not simply peak sha ings Yut includes load shaping,
 
emergency load shedding, energy management, manghfrJ of customer and utility
 
energy storage. Specific applications of LoaMZ gement are found in customer­
owned systems and in special rates adopted bu ities.
 
BACKGROUND INFORMATION
 
Present Activities: 
1. 	 DOE thermal energy storage tes ogram. 
2.. 	 Continuation by Detroit Edis~f~their radio-based load control system. 
3. 	A total of 41 known load cdm projects Use of load controlsinu in the U.S. 

continues to be relatiyy coon in Europe.
 
oa~
4. 	IEEE Load Management rce activities.
 
5. 	Five Joint DOE/E asibility tests of two-way communication systems which
 
can lead to a co ol and distribution system automation.
 
6. 	Industrial a44 Austomer demand control and energy management systems, e.g., 
Johnson Spdt Q/e er HVAC contrbl, Lockheed California Energy Management 
Sys tems, 
7. 	Contin of proposals for, and adoption of, new rates designed to
 
encourag nifts in use patterns (across the U.S.). 
Publica 
gam Plan for Research, Development and Demonstration of Load Management
 
onhe Electric Power System", U. S. Dept. of Energy, Division of Electric
 
Energy Systems, Jan. 1978 (DOE/ET-0004).
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1 
2. 	"Survey of Utility Load Management and Energy Conservation Projects, Part 1", 
Energy Utilization Systems, Inc., (DOE/EPRI funded). 
3. 	Electric Utility Rate Design Study "Rate Design and Load Control", a re i,_i.
 
to the National Association of Regulatory Utility Commissioners, Novemiei4
0977.
 
Comment:
 
Most activities to date in the Load Management 'area have concentrat pnpcific
 
problem areas and subsystems. Total implementation of the Load Mabagem nt concept
 
requires development of viable dispersed storage and generator arfd other
 
components or tools for Load Management; however, many of the "tools-s required

for 	implementation of much of the Load Management concep areavailable.
 
Overall systems integration work is required.
 
EXAMPLES OF KEY ISSUES AND UNCERTAINTIES
 
The 	possible legal problems arising from severe .2a46'
9rol actions by
 
utilities (inadvertant actions, product loss).i
 
- The control hierarchy within Load Management4 functions dominate? At 
all times? Dependent on type of distribut tem and extent of load control, 
dispersed generation, dispersed storage) 
- The need for communications systems caa control, status and metering 
data transmission as a result of Loa ment implementation on a wide scale(who owns? What type? es v
secur 

- The speed of response, number o issions of data per time period, accuracy, 
security level, etc., requ remo the communications and control system. 
- The changes in Distribution S design required due to possible increases in
 
maximum loading as a resu of ad Management demand deferring actions, etc.
 
(Effects on system desi ofto shifts in load profiles.)
 
- The control and commurn. tns requirements due to the connection of small, 
dispersed generatio&4 'torage units on the Distribution System (black start, 
monitoring of av b"513ty and capacity, etc.). 
4>­
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DISTRIBUTION SYSTEM MANAGEMENT
 
DAC 	Workshop Fact Sheet #2
 
>9DEFINITION 

Distribution System Management (DSM) is any mechod or methods used to remotel)( 
and/or automatically control and monitor 'Distribution System' devices a 
elements to achieve optimal operation of the distribution system in t em 
economy and efficiency. DSM includes actions ranging from on line coro to 
data gathering, enabling calculations for economical transformer r9pq dvemnt 
for example. This definition, in its broadest interpretation, includesmethods 
based on very simple control devices not integrated with overall Ssm control,
 
or*ion of portions
as well as sophisticated, integrated systems capable of reconf 

ai anTd var flows,
of the distribution system, tighter control of voltage regul 
meter reading, telemetry in general and status reporting. > n and depth of 
control are dependent on the objectives. The dominant technNtal considerations 
may be in areas of communications and control for DistrDuion System Management, 
but actual applications of the full capabilities for m~nkge n may require 
significant changes in methods and costs related to 4 er equipment and 
systems. n 
BACKGROUND 	 INFORMATION 
Present Activities:
 
ations where distribution1. 	Various test programs and commercial • oti1/il selected 
system components are controlled (etg>g. unt capacitor switching), and where 
remote meter reading systems are 15Yg evaluated. 
2. 	Control and monitoring of the 4$ 4 4bution system's major elements; subtrans­
ymissin sdevices, 	 devices and feeders is presently doneistribti~t~~ons 

by many utilities.
 
3. 	Five (5) Joint DOE/EPR eaa ility tests of two-way communication systems 
which can lead to Distr- n6'n System Management. 
4. 	Some of the activ .3 IEEE relate toinhi- Committees aspects of DSM. 
"Automatic and Su isory Subcommittee" and "Power Systems Communications 
Committee". 
Publications:
 
1. 	"Program P1 r Research, Development and Demonstration of Load Management 
on the c Power System", Jan. 1978, U.S. Dept. of Energy, Div. of 
Elect Ic Ehergy System (DOE/ET-0004). 
2. 	Be , "Automated Distribution; Improves Systems Operations and Reliability
 
cWorld, July 1977.
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Comment:
 
Most activities to date have concentrated on specific problem areas and sub­
systems, although there have been systems developed by manufacturers thattmay
 
satisfy much of the communication control requirement. More efforts ar ,ne#
 
toward an overall integration of the possible DSM functions using the uDC
 
capability. It is also possible that some functions such as var conttol r system
 
loss reduction would benefit from examining their interface with thse1u supply
 
and sub-transmission systems. Power System devices, such as Th ectionali­reclo .

zers, remote seitching devices, etc. may require significant cosdt tion efforts 
if substantial amounts of distribution system reconfiguration aare to occur 
in the future. A different "class" of power devices may be Lid cated. The 
dominance of radial distribution systems and the problems o.coorl-inating protective 
devices are specific areas requiring attention beyond the comiui:-cation and control 
considerations.
 
EXAMPLES OF KEY ISSUES AND UNCERTAINTIES 
- Can extensive "DSM" be cost effective? What potelQd,4of the DSM concept 
have the best cost/benefit ratios? What are the mos troublesome constraints 
on full DSM implementation? (Costs of additionioAjlwer equipment? Costs of 
control system? etc.) 
- The control hierarchy within DSM--what t s At what levels
 
are decisions made and under what logi-V
 
- The need for communications systems/,yc'aycakle of control status and metering 
data transmission as a result of DS&Z'rnpementation on a wide scale. (Amounts 
of information transmission, respon e tame requirements, security of system, 
accuracy and dependability, etc ?),Z1hat kind of system? A combination of
 
systems?
 
- The changes in Distribution yem design required due to the full implementa­
tion of DSM concepts. 
- The specific performan acteristics required of DAC systems (communication 
and control elementscayned). 
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EMERGENCY STATE CONTROL
 
DAC 	Workshop Fact Sheet #3
 
DEFINITION
 
Emergency State Control (ESC) is the ability of the DAC system to remote d/or
 
automatically provide: emergency state detection, pre-emptive actio 4 n icipa­
tion of the emergency state, corrective and restoration control. PrtesV!-1per­
visory Control Systems do not provide a method of accomplishing ESSa&4the distri­
bution level. Therefore, discussion here should consider DAC pro idbnycontrol:
 
1. 	To the depth, or to the level of discrete elements contemprt-edor future
 
systems;
 
2. 	For all aspects of ESC, e.g., anticipation of certainf emergency
 
states such as imminent failure due to insulation bpeakdon,
 
3. 	With dispersed generation and storage generally 1n0n?! ed to the distribution
 
system.ay
 
Further, the full application of ESC will requeds for response to two
 
kinds of emergency conditions:
 
1. 	Loss of, or imminent loss of, Bulk Sup [a lities (load shedding, start-up
 
or increase in output from dispersed/ptor-e and generation), and
 
2. 	Loss of, or imminent loss of, portp othe distributed system.
 
The ESC systems which may evolve wi ye a strong relationship to the Distribu­
tion System Management systems, a e'as to Load Management and Unconventional
 
Energy resources.
 
There are implications on poC equipment design, application and costs as well
 
as on communications and i ehnology.
 
BACKGROUND INFORMATION 
"
 Present Activities: 

1. 	 Five (5) DOE4(E;ER asibility test of two-way communications systems which
 
can lead to Nr State Control.
 
2. 	 Some of<t ivities within IEEE Committees, such as "Working Group 72.3 
of the Au'maic and Supervisory Subcommittee", and "Working Group on 
Distbutlon System Reliability of the Distribution Subcommittee". 
g1o -and monitoring of selected elements of the Distribution System as
 
rdone by utilities with Supervisory Control System.
 
ub4ctions:
 
1. 	 Papers, Proceedings and articles dealing with Load Management, Distribution
 
System Reliability, and Distribution Automation often contain information in
 
the area of Emergency State Control.
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2. 	Beaty, W., "Automated Distribution; Improves System Operation and Reli­
ability", Electrical World, July 1977.
 
3. 	Schweppe, F. C., "Power Systems 2000; Hierarchical Control Strategies",
 
IEEE Spectrum, July 1978.
 
4. 	Fink, L. H., "System Engineering for Power", Program Report DOE/ET-0012/l.
 
Comment:
 
Emergency State Control at the distribution system level has been lii e largely
 
to the detection of faults and attempted automatic service restorat'~ns n the
 
absence of a communication system. With the added dimension of lad4control capa­
emergency
bility and information retrieval and processing enabled by a DA&4ste, 

state control assumes a greater significance. The anticipatioa*f_$&e emergency
 
state may be considered in two (2) broad areas: 1) overload n -4 .insulation
 
breakdown. Overall system integration, including interfacewith Bulk Supply System
 
Control is needed. For smaller discrete system elements tA ontrolled, a
 
different "class" of power devices may be required. For e mplementation of the
 
full "ESC" concept, new types of sensors (e.g., on-lin.oocira detectors) would be
 
required. A probable future configuration for distt' utidtsystems with "ESC" 
features will include: control capabiltesfully automated responses t6"i.e gency conditions where< emote 
economics and other power system 
considerations ao 

with an operator interface arranged for imediate i fay of alternatives to emer­
gency and the probable adverse effects for eacliZlt hlative; informational systems 
as
 
of system affected, indication of 
ways to i 

much load as possible, and clear indicationeZf ssential loads including life-support
 
systems. Thus, the full ESC system will cWe human components.
 
trouble crews, dispatchers, etc.-ing location of problem, extent
available to 	 fault and restore service to 

-

Another dimension to ESC is the spee f*response of the control system. Faults are
 
typically cleared in a matter of c es u-"toverload conditions, depending on the
 
severity of the situation, may alloqtiinany minutes for action. The areas of voltage
 
and 	frequency control may also be consdered for stability and overload conditions
 
during system disturbances as a La~dtional ESC function for a DAC system.
 
EXAMPLES OF KEY ISSUES AND UNCE&TAiTNTIES
 
- The cost effectiveness f .crelativeto other ways of responding to
 
supply deficiencies, Ntdexpanded interconnections, bulk supply storage
 
systems, etc.
 
- The impact of ES on the distribution system characteristics of economy,
 
reliability, fSlib$lity, capability, safety.
 
- The specif4pUrmancee characteristics required of the DAC System.
 
- The meth >G!retaining present levels (or desired levels) of reliability
 
with th N weased opportunities for malfunctions which may result from a
 
significgt increase in devices and control actions.
 
- The ftcts on manual restoration times if the ESC system-and the power
 
em suffer simultaneous failures (earthquake for example).
 
emagnitudes of effects desired, and the required actions of DAC systems
 
'NSder loss of supply conditions.
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UNCONVENTIONAL ENERGY RESOURCES
 
DAC Workshop Fact Sheet #4
 
DEFINITION
 
Unconventional Energy Resources (UER) are energy storage or generatinPy is 
using renewable resources or devices designed at present to compleeid nventiona
 
6methods.
power generation (fossil and nuclear steam turbine, hydro, gas tu, 

A common characteristic of these sources is that they are small &dn f size compared
 
to traditional central station generation. Examples of UER a;efhel~cells, solar
 
-photovoltaic systems, wind generators, thermal storage, geothMSal generation, battery 
storage, cogeneration, advanced coal technology and'solar thermalgeneration.
 
While there already are a number of "UER" units of variot'ds installed in
 
the United States, the connection of significant numbe uch devices on a
 
distribution system leads to a need for a DAC system.
 
These resources will generally be dispersed through p< e distribution system,
 
with sites selected due to availability of waste eat eed for waste heat,
 
presence of favorable wind conditions, access tp or other unused space, etc.
 
Thus, the definition of UER for purposes of DAC- cussions implies remote control
 
and remote monitoring of status and capaci o u units.
 
emu
BACKGROUND INFORMATION caai 

Present Activities:
 
Solar Thermal: Several solar therm.de nstration projects are underway
 
Several schemes including central/re ,iver stations with steam Rankine and
 
Brayton, as well as distributed &5ietor schemes.are being considered. Ini­
tially the power output levels a MW are planned.
"<00 A 10 MW DOE sponsored
 
plant is under development. ? -azl be located near Barstow, California.
 
Photovoltaic: Photovoltai/3t enshave been developed. (EPRI, Sandia, JPL,
 
etc.) For example, a 25$_14J is operating in Nebraska. A 260 MW system
 
is under development (se.e_ erence 1). A 250 kW unit is planned by Mississippi
 
County Community Colle&e roject. However, there are still some technical (e.g.,
 
array degradation), jstn'-- problems.
 
Fuel Cell: Firsigene tion fuel cells use hydrogen. United Technology Corp,
 
is developing a 8 size demonstration unit to be incorporated into a utility
 
(e.g., Con Ed 4P; V This unit will be operational in 1979. Several utilities
 y

(e.g., SCE) Ar{4 -1nnedto incorporate fuel cells (size 26 MW) in their system.
 
Research anaMzopment in this area is continuing, particularly in the develop­
ment of fue -e'frmers and in fuel processing (see Pub. 2).
 
Wind G _eecator:. Several small and medium size wind generation units are in
 
oper4o'n'd/or development (e.g., at NASA-LeRC; Pub. 3).
 
Bat Ories Storage batteries is a very attractive area and is actively pursued
 
(e. DOE prorams in Electric Storage). The potential of batteries for
 
utili y peak load leveling is excellent (see Pub. 4).
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Cogeneration: There are substantial cogeneration opportunities in certain
 
industries (e.g., petroleum refinery, cement, paper industries) (see Pub. 5)
 
These include power ranges of few kW to 100 MW or higher. Many utilities
 
are already involved in cogeneration (e.g., SCE, SIG & E with Navy, PG&E).
 
Publications:
 
1. 	 Final Report on "A Conceptual Design of a Photovoltaic Contrgo& Ktaii'in
 
Power Plant", by Bechtel-Corp., July 1976. ion
 
2. 	 Lawrence, L.R., et al., "The ERDA Fuel Cell Program , WEower
 
Engineering Society Papers, Energy Development IV, 197.
 
3. 	 "Plans and Status of NASA-Lewis Research-Center Wi lnergy Project", 
by R. Puthoff, J. Savino and W. Johnson, Energy D% e-pment IV, ]978. 
4. 	 Rosser, A. B., "Large Lead-Acid Batteries as Vi"~e.Utility Peak
 
Load Leveling Alternative", Energy IV, 1978< .
 
4
5. 	 "Potential for Cogeneration of Heat and E 2i-f.ity in California
 
Industry--Phase I, Final Report", JPL 7 t 4 978.
 
Comments:
 
The general status of a number of UER's4-_ jsted above. While much
 
effort has been expended in developin benits, more attention must be
 
directed at problems and system nee ^asf. uch units are to be installed in
 
significant numbers on distributiofn s'ems. Some areas of interest might
 
be: How should their operation aanaed? How should they be treated under
 
"economic dispatch" criteria? fo ill capacities be monitored and antic­
ipated for scheduling purposei e general area of Power Management must
 
be considered in light of tee resources.
 
EXMPLES OF KEY ISSUES AND UTAINTIES
 
- What will be the 1Ins es, and will size dictate different levels
 
of control? c 's­
- Will types r other input energy require control and monitoring? 
(For fuel c ,and cogeneration, will there be alternate fuels implying 
fuel tran er uner load, etc.?) 
- Where BUunits be located? (Are there implications for special
 
consieitain of DAC requirements due to location of units?)
 
- The e of the UER and its designation as a "firm source" or "energy 
your"e'. (What are the DAC requirements related to availability, capacity 
vdtatus?) 
#$ e short-time versus long-time capabilities of UER. (For storage sys-

Ntems, if short-time peaking use can be based on a higher capacity, how
 
does this impact DAC requirements?)
 
- When will UER units be available and installed? 
- Will environmental constraints lead to special DAC considerations?
 
(NOX dispatch conditions, fuel transfers, etc.)
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ECONOMIC AND INSTITUTIONAL ISSUES
 
DAC Workshop Fact Sheet #5
 
DEFINITION
 
Economic and Institutional Issues can be categorized as either constrain '
 
opportunities, although in many cases they may be simply considered un to 
have no particular effect on the conclusions or decisions made within% etility 
industry. The emphasis for the DAC Workshop will be on those Econmio and Institu­
tional Issues that do either serve as constraints or provide oppott ,es for
 
desired changes in utility systems. Some examples of Economic /,nstitutonal 
Issues are:
 
Economies of scale vs. improvements in reliability,'Qc-'
* 

* 	Availability of Capital Funds
 
* 	 Availability of operating funds 
* 	Most effecrive use of financial resources
 
o 	Conflicts between actual costs to serve arZ fs designed
 
under a social concerns or other such crTt2elra
 
* 	Regulatory constraints on innovativea ;'nments for unconventional
 
energy resources.
 
" 	Assessment of priority of servic tomers and customer classes
 
The DAC systems of the future will re9 r'te elimination of constraints, and
 
may require use of economic and inst*i' ona1 innovation.
 
BACKGROUND INFORMATI ON
 
Present Activities: 
 4 
Economic and Institutional e routinely confront the electric industry. The
 
existence of franchises an lcts of interstate commerce make institutional
 
issues a key part of the-.-ric.utility's methods of doing business. The
 
relationship of costs aernative systems, generation units, changes in systems
 
etc. to the tariffs a d po ible changes in tariffs is continually subject to
 
examination.
 
The emphasis onVstaR"d ization of components and methods provides an example of
 
a partial solu t an economic issue. A concern that costs for too agressive
 
a program towC'sNnovation might be disallowed in the tariff based revenue is
 
an exape constraint which arises from the institutional arrangements.
 
Comments/ 
The W~d~ah discussions on Economic and Institutional Issues provides an opportunity 
to elmi an overview of these issues as they apply to the four areas of Technical 
M It'o: Load Management, Distribution System Management, Emergency State 
Contrl, and Unconventional Energy Resources. The combination of systems and 
procedures for the solution of each Technical Motivation may, when examined in total, 
give rise to new Economic and Institutional Issues,-or to changes in the relative 
significance of these issues. 
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EXAEPLES OF KEY ISSUES AND UNCERTAINTIES 
- The future relationship of the utility to the customer as full implementation 
of the four Technical Motivations is approached (tariff design, impacts on
 
revenue requirements and cost-to-serve allocations, legal ramification\f.Pj
 
inadvertent actions related to load control and accessing of customer _s
 
and cogeneration.
 
- The need for Code modifications to reduce costs for special inst, a dtns
 
(utility operation and maintenance of facilities on customer ,mies
 
The priority of supply allocation from a mix of central ion geration,
 
dispersed utility-owned generation and storage, and customnrowwn>d generation
 
and storage.
 
- The allocation of costs for energy and capacity from t t ly mix above. 
- The priority of use of communications systems which X" prt of a DAC system, 
but not owned by the electric utility. 
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DAC CONTROL HIERARCHY
 
DAC 	Workshop Fact Sheet #6
 
DAC Control Hierarchy is a determination of the priority for access and coi tze 
by the DAC system among the four technical motivations should a conflict 
access arise. The DAC control hierarchy would be interfaced with the ays-em 
benefits. As an example, if actions calling for load control simultane nsty 
with service restoration following a fault were received at a distr-4u$oi>sub­
station, the service restoration action would prevail. Some local gr -ing of 
control functions could minimize such conflicts. 
Another aspect of control hierarchy is the distributed nature r _ocessing of
 
information desirable to minimize competition for vertical Sogication links.
 
For the Workshop, Control Hierarchy will be discussed in Z aspects. There
 
is a hierarchy of control systems and subsystems which c---'iewed as an arrange­
ment based on authority and the special right to overrde oipinterrupt the actions
 
of other systems. This is analogous to the managemen supervision - workers
 
relationship in an organization.
 
Another aspect of the DAG Control Hierarchy involes- cation of functions and
 
the physical relationships of elements of the h3 jchy to "control centers" and
 
human operators. Again, the parallel to arraege nts made for siting management,
 
supervision and workers can be drawn. Therer rrangements that can improve
 , 
the 	performance of the total hierarchy.
 
Yet another aspect of the DAC Control H'earhy involves the frequency of actions,
 
number of points controlled or monito e,'ant the total information processing
 
requirements. For large numbers of e'ti ive actions, an organization will gather
 
a large number of workers under on.11supe. isor, and look for ways to streamline
 
teaientheie, whereas for infrequent actions of a
 
special nature, supervision ande n anagement may take a direct role.
 
The last aspect involves the ,creailonof boundaries within which decisions can be
 
made without reference to hifh'.authority. The organizational parallel includes
 
concepts such as standardrformance, management by exception (excursions,
 
or attempted excursions 1yon predetermined boundaries), specific delegation, etc.
 
BACKGROUND INFORMATIOIN4
 
Present Activities
 
1. 	A Hierarch-b. erol Within the distribu­exists whether planned for or not. 

tion syst, 'othierarchies of control are independent of the bulk system
 
control j t hierarchy. Current activities in load control experiments,
 
once an i4to~rf ace is accomplished with the supply control system, are leading
 
to tht intorporation of some portions of distribution control into the Bulk
 
SysAV."Control Hierarchy. The special form of load control called loadshedd­
iri s .another example of the partial inclusion of distribution system control
 
"'f hi--Bulk System Control Hierarchy.
 
Pubations:
 
1. 	Schweppe, F. C. "Power Systems 2000: Hierarchical Control Strategies," IEEE
 
spectrum 7-78.
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Comments:
 
Consideration of all the aspects of Control Hierarchy while also viewing~the
 
control requirements for satisfaction of the four Technical Motivations w A/
 
probably lead to arrangements of control systems differing from those resulting
 
from totally independent consideration. Included in a considerationlofN(C Con­
trol Hierarchy are the following questions: <i
 
Can je consider one of the Technical Motivations to be dominant at
 
all times? Will the dominant position change with time? Hocan 
we develop systems which can provide the flexibility tojaccomodate
 
any real-life control hierarchy?
 
KEY ISSUES AND UNCERTAINTIES
 
* 	 The interface with, and provisions for, the present systems control
 
hierarchy.
 
* 	 The search for commonalities of needs and spltthos in aspects of control
 
hierarchy for DAC, among the four Technicaftl o ations.
 
* 	 The identification of boundaries withim the hierarchy.
 
* 	 The extrapolation of present and PanneSCA systems to satisfy DAC 
requirements. 6yts&'anrwt
 
" 	 The use of load control systemti mnner consistent with other
 
motivations eg, Emergency St4'eX-Control.
 
-3
 
Dl-13
 
COMINICATION ALTERNATIVES 
DAC 	Workshop Fact Sheet #7
 
The DAC systems of the future will require that substantial amounts o orpiation
 
and control instructions be conveyed among centralized control facili'1i ispers­
ed remotes and even individual devices. This extreme dispersion ofhontolled
 
devices and telemetry points has a significant impact on the meth tt'e used
 
for conveying information. Also, the paths for information mus aable of bi-

Further impacting.1 h, lction of
 directional as well as unidirectional flow. 

communication alternatives is the need for security of informatiboKlow, and the
 
avoidance of interference with other systems. The alternatiq p)resentlybi
es pese eing
 
considered include:
 
* 	 Radio
 
* 	 Telephone, Communication Utility System
 
* 	 Telephone, Power Utility Owned <9 
a 	 Microwave
 
* 	 Satellite
 
* 	 Fiber Optics
 
* 	 Hybrid (any combination of nor of the above)
 
BACKGROUND INFORMATION
 
Present Activities:
 
1. 	Five Joint DOE/DPRI test be d ected at remote meter reading, but based
 
on two-way communication em.
s 

2. 	Continuation by Detro Edin of their radio-based load control system.
 
Publications:
 
1. 	"Survey of Utili cE9Management and Energy Conservation Project, Part I"
 
Energy tilizabin stems Inc., (DOE/EPRI Funded).
 
Comments:
 
Most activitl44 0 ate on the testing and development of new communication means
 
have been r Jitd4o a specific Technical Motivation, e.g., Load Management. Work
 
is continu >EnMI research which will be applicable to the selection of communi­
cation ale d ives. The applications of fiber optics may expand beyond present
 
uses fo;p elpc'rical isolation and selected high volume data transmission. Considera­
tion i4 .electing alternatives must also be given to the operations and maintenance
 
need %ectric utilities, remembering that their business is based on the sale
 
of cal energy, not communications services, at least at this time.
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KEY ISSUES AND UNCERTAINTIES
 
- The channel capacity, security levels, and accuracy requirements for the composite 
system derived for satisfaction of all four of the Technical Motivatey 
- The value of ownership of the total communication path (can ways be und to 
assure power utilities of security when using facilities owned b rs?) 
- Spectrum management, relation of power utilities needs to otar d the assign­
ments of the spectrum.t 
- Interference with data transmission due to power system au , lightning, 
other disturbances. 
- The possibility that reliability and/or responses I encies may be 
adversely affected if power and control facilities 'es.ed (simultaneous loss 
of power facilities and control facilities). 
- The possible interference by the non-electricr -t''yS communications systems 
and data transmission with other communicatiof(,,stems.'s s se. 
- The consideration that applications may r one-way communication for every 
customer location, and two-way connnunic tntiy>for some selected customers and
 
for the distribution system elements yte over-design).
 
- The possibility that one alternati y est satisfy all needs for all 
utilities; or a classification based on-geographical configurations, control­
point density, performance needs, etU4 
D-15
 
IMPACT ON SYSTEM DESIGN
 
DAC Workshop Fact Sheet
 
System Design involves the selection and arrangement of components and ei
 
interconnection based on operating practices, economic evaluations of components
 
and configurations, and criteria based largely on experience. New co n-iAAation
 
and control tools will allow for load patterns never before experie cd mpact­
ing economic component selection and configuration, but will also eat- the
 
monitoring of these load patterns to aid in future system desi iSne the full
 
use of DAC is likely to evolve for any one system over a numb ofears, the
 
"Impact on System Design" discussions must be directed toward snt and future
 
power system designs and design philosophies as well as pre n nd future DAC
 
systems. Regardless of whether present of future systems o ponents are con­
sidered, a further task in System Design is to evaluatethe Q acts of any

proposed changes on the following characteristics of tl/a lectric utility system:
 
Economy
 
Reliability
 
Safety
 
Flexibility
 
Capability
 
Suitability in the envirot
 
BACKGROUND INFORMATION
 
Present Activities:
 
Almost every activity in power syst-krdesign, construction and operation impacts
 
the characteristics of the power/ s' . Thus, the "Impact on System Design" is
 
directly or indirectly considereu~ he decision making process, whether the
 
process leads to new design, new s~ndards or new procedures.
 
Comments: Kh
 
The impacts on system dtsrgnwhich may result from implementation of part of a
 
Load Management conceA4 oNrom an addition to the Supervisory Control System,
 
or from any specifict,4,mle purpose system addition, are routinely considered
 
in the planning an dpsign phase. However, when considering the entire spectrum
 
of Load Managemept, fD4Aribution System Management, Emergency State Control and
 
Unconventional n'e , esources, the issue of "Impact on System Design" merits
 
special and s arat consideration. This special consideration is even more
 
necessary s e esent and future components, methods and systems, some of which
 
are relatedoi',altl four Technical Motivations and many of which are not, are involved.
 
Whole ne and operating philosophies can be imagined when storage, generation,
 
load jinroYand distribution equipment control is available even down to the resi­
dentd'I~itomer level. For example, equipment thermal loading limits restrictions
 
ma/ ssMbly be revised. Also more information will be available for operating
 
dectns and design considerations.
 
The costs, benefits and effects on utility system characteristics must be viewed
 
in total as well as on a per function basis. In other words, the tradeoffs among
 
various approaches to implementing each of the four Technical Motivations must
 
be considered, and that requires a broader system outlook.
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4 
EXAMPLES OF KEY ISSUES AND UNCERTAINTIES
 
- The changes in the maximum loadings of lines and equipment throughoutzthe
 
distribution system when all four Technical Motivations are implemented._V
 
-(How is the "N-l" case defined or even recognized if, within the difri 
tion system, there are sources, storage devices, shedable loads, A£eLate
 
feeder configurations, etc.?)
 
- The identification of potential modifications to the power syt ich can 
satisfy more than one Motivation. 
- The-effects on the characteristics of the utility system caue by, or
 
contemplated to be caused by, application of more than oue the Technical
 
Motivations. (The effects might be different for the .m ation than for
 
the individual applications).
 
- What configurations of future power systems are r5ire for the maximum 
application of the four Technical Motivations? tpjovide a spectrum for 
use in long range considerations, the spectruspann-ing from present power 
systems to the postulated future systems). 
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DAC FUNCTIONAL REQUIREMENTS 
DAC Workshop Fact She
 
The functional requirements for the future DAC systems will be Ad
 
by 	consideration of:
 
" 	The needs for systems satisfying the performance needs , ach Tech­
nical Motivation. n, 
* 	 The present and future configurations Of power anecontrol systems
 
without DAC systems.fo
 
* 	 The present and future needs for information-as niated by forces
 
outside the utility.
 
In the Workshop, discussions of the issue of \KAC unctional Requirements"
 
will be directed at the composite requirempeft the total DAC system
 
rather than for one specific system devel satisfaction of only one
 
of 	the Technical Motivations. The co- _-' s and any examples of con­
flict regarding functional requirements SId be discussed and identified 
The functional requirements may be/i'b of in very general terms as spe­
cific objectives such as improvin 'idiency, reducing peaks, increasing
 
reliability, etc. However, this.!/way.-2 expressing functional requirements
 
is 	insufficient for purposes of r6ifying DAC system specifications.
 
Also, the general functionaleqrements can be identified by describing
 
a specific effect desiredbu- as isolation of faults, synchronizing of
 
dispersed generation, mog of transformer and line loadings, voltage
 
regulation within limi sIich can be varied remotely, load control, automatic
 
meter reading, etc. ainIthis kind of description is too general for
 
purposes of specif3ng systems.
eq
Functona

Funt a m must ultimately be defined as to:
 
purpose & t of function (status, command, telemetry)
 
relatio' to Technical Motivation
 
relative\portance to power system operation
 
fre ee of application (how often will function be used?)
 
rets time requirement (how quickly must function be accessed?)
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BACKGROUND INFORMATION
 
Present Activities:
 
While not directed towards the establishment of functional requirements
 
a scale contemplated for the DAC System, the following projects may be*oq
 
value in determining some of the functional requirements.
 
1. 	 PROBE project of G.E.: The "Power Resource Optimization by/,1t onics" 
project of "General Electric Corporation" is involving Conmonnwe;h 
Edison, Niagra Mohawk and Public Service Electric and Ga .K Inrtiated in 
1973, a research installation was established at a Commonw e -h Edison's 
distribution substation. The objective is to access th c9nommic and 
technical feasibility of automating a range of substAionand distribu­
tion monitoring and control functions. 
2. 	 PDAC project of PG&E2 The "Primary Distributin larm and Control"
 
system of "Pacific Gas and Electric Co.". InsPate1doin 1972, this is 
a remote supervisory system for substation be'ks and stored-energy­
operated switches on the distribution elrcire ontrolled by a human
 
operator, alarm signals are received and tot-o signals are transmitted
 
to isolate faults and restore service. / o 3ective is to reduce 
customer-minutes interruptions and to _eF-rNquipment capital cost.
 
3. 	 RLBVC project of PEPCO : The "Rad oad Bus Voltage Control" project 
of "Potomac Electric Power Co.". nst.led in 1976, this is a fully 
automated function which uses Reme{erminal Units located at distri­
bution substations and controoedb}a consolidated Energy Control 
System in a closed-loop fashiinXkhe control objectives consist of 
security (equipment protect nd operational (quality of service) 
requirements of all load en e.,VAR/Voltage regulation by parallel
 
transformers and capacito a'ns.
 
4. 	 Other current or plan0edpctivities are noted at Detroit Edison, San
 
Diego Gas and Elect kkDquesne Light Co. and New England Power Services.
 
Publications:
 
1. 	 Bunch, J.B.,0 nith, J.A., "G.E. PROBE(s) Substation and Distribu­
tion AutomaK '. Transmission and Distribution, Sept. 1977.
 
2. 	 Beaty, "Distribution Automation". Electrical World, July 1977.
 
3. 	 Araf S4. Kilmer, R.E., and Rumbaugh, J.H., "Closed-Loop Computer
 
Controt a System of Radial Load Busses". IEEE Trans. PAS Vol.
 
h96? Aov.-Dec. 1977.
 
~4. 0 of the Customer Communications Systems Task Force to EEl.
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Comments:
 
Most developmental activities to date, in the area of DAC functions,, I a v 
been dependent on each particular utilitjZd heeds. On-going develop ekis 
aiming towards the integration of these functions. The allocationsea dcaio sofwar
h daew i hesseeutb 
functions software and hardware within the"system must be examine S e sub­
systems, individiual equipment and their physical locations mus be 'Zewedin 
total in determining DAC system requirements and needs for dedent. 
funct ons~ 	 -"is 

EXAMPLES OF KEY ISSUES AND UNCERTAINTIES 	 " 
* 	 The Cost/Effectiveness of DAC functions implementatc o utilities
 
operation. M
 
" 	The Cost/Effectiveness of DAC functions impleintat'i n to utilities
 
service reliability. 'f
 
* 	The Level of penetration of DAC beyond the is ibution substation
 
and its functional requirements.
 
* 	The types of "DSG" components to be 4 ngtrated, time frames, and
 
resultant functional requirements
 
Energy Systemnand/or 
centralization and decentraliza '7n,. do new functional requirements 
" 	 The impact of DAC on Man e  SCADA systems 
Z

arise?). 

* 	 The monitoring and contro ions' communication and data handling 
requirements. 
* 	 The coordination of systemride versus distribution monitoring and 
control functions (a-Wdditional functional requirements are 
required due to t r dination?). 
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NEW SOURCE INTEGRATION
 
DAC Workshop Fact She t&#O
 
Technical and economic problems resulting from increasing demand for 0 ca 
energy and the growing scarcity of oil and natural gas are forcing t0 t to 
energy conservation techniques such as co-generation and to the ut$ a-on of 
unconventional energy sources such as solar and wind power. Coup3 d'tth these
 
developments are techniques for storing energy during periods o lig load demand.
 
The development of these new technologies and the integration of into the
 
utility system require new technological advances and preseniw.design problems
 
to the utility engineer.
 
The development of Distribution Automation and Control (D si' required for the
 
integration of new sources within the utility distributon sstem. DAC will pro­
vide the communications, power processing, automationWdnkrol and protection,

required when unconventional energy sources such asfle4S'2 1s, photo voltaic,
 
solar thermal, wind, geothermal, and batteries, ar kintegrated into electric utilit
 
distribution system.
 
BACKGROUND INFORMATION
 
Present Activities:
 
1. 	 Integration of new energy sources I'no0 e utility distribution system is
 
relatively new. Some utilities aeNostly on experimental bases, in­
corporated small sources into 'he r system, or are planning to do so. For
 
example:
 
a. 	In the fuel cell area, Utd Technology (UTC) is developing a 4.8
 
MWe unit for integration nto Con Ed (N.Y.) system in 1979. UTC has
 
developed a large s ?f--commuted inverter for commercial fuel all on-line
 
demonstration with demonstration plant (Ref. 1). Tn addition
 
UTC has initiatb RI/DOE directed work to adapt this technology
 
to utility energ rstorage.
 
b. 	In the cogeSeation area many small sources resulting from cogeneratic
 
topping a d bob'oming cycies have been integrated into some utilities
 
at custo &Jindustrial sites. For example: SDG&E cogenerates at the
 
Naval aihg4 Center in San Diego using heat recovery boilers using
 
existih tilbines located at substations. The voltage level is 12.5KV.
 
Thenpertied to the line and is not dispatched. The existing plants
 
ha o al control (manned), providing status information to the utility
 
- center, However SDG&E is aware that as more plants of this type go into
 
4pboduction, automation and control including centered computers, tele­
~ meiY and communication, etc. are needed.
 
Publ<'cat4on:
 
1. snillips, G.A., et.al., Progress in Self-Commuted Investors for Fuel
 
Cells and Betteries", IEEE PES, 1978.
 
Comments:
 
Since the number of unconventional energy sources connected to utility distri­
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bution system is small the impact of these sources on utility systems has been
 
negligible. Furthermore there have been few technical problems associated w4ith,,
 
interfacing these small units and the associated power processing. Howevera '
 
the number and size of these unconventional energy sources in the utili t\ 
tribution system increases greatly, the interfacing and operational proIl salso 
increase. 

' 
In the future a utility may require to know the status of all the 4 tn 
energy sources connected to its distribution system, so that itmyd rine 
where the energy is coming from and how the load demand is or wft. e met. Further­
more 	the utility may desire to directly control (dispatch) som f_tese resources
 
to meet either its normal operational needs (based on economic/t.) or alter­
natively to meet its emergency operational needs when suc z' ncies do occur. 
Then the monitoring and control capabilities of the distrM i system and its 
components will play a major role in determing how fast and ,what extent the 
unconventional energy sources will be incorporated in4h?d > uility distribution 
system. 

EXAMPLES OF KEY ISSUES AND UNCERTAINTIES K. 
* 	 The considerations of operational and mAtece needs, and code constraints 
in designing DAC elements for new source t ration. 
* 	 The implications of the timing of V new energy resources installations
 
on the requirements for DAC system ...A gt is the need in terms of time 
.periods?) 	 eU 

* 	 What requirements for operat n;ftspersed new sources will arise from
 
utilities criteria for suppl ' sem characteristics?
 
* 	 How will the control of the dispersed sources be affected by load control,
 
reactions to the emerg state, and the more routine operations of the
 
distribution system?
 
* 	 What are the need 'i ormation as to costs, status, capability, energy
 
available, fuel t4bisNnd availability, for the day to day operations of
 
these new sour sheln added to the utilities supply mix?
 
a 	 What are theiecfic provisions for operations and maintenance personnel 
required aV reseult of connecting sources at locations throughout the 
distribt st era? 
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BIBLIOGRAPHY: RECENT RELEVANT PUBLICATIONS AND PAPERS
 
This appendix is not a comprehensive DAC bibliography, but
 
a listing of certain related papers identified by the DAC Working Group
 
participants.
 
Communications Systems and Automatic Meter Reading
 
1. 	Blose, J.B., Automatic Meter Reading at Philadelphia Electric
 
Company with the General Electric Company Phase II AMRAC Equipment,
 
EEI/AEIC Meter and Services Committee, Philadelphia, Sept. 21, 1976.
 
2. 	Blose, J.B., Automatic Meter Reading at Philadelphia Electric
 
Company - A Progress Report, Penn. Elec. Assn., Engineering
 
Section, Oct. 17, 1975.
 
3. 	Blose, J.B., Automatic Meter Reading - Trial by Philadelphia
 
Electric Company, Penn. Elec. Assn., Communications Committee,
 
Feb. 1, 1974.
 
4. 	"Communication and Automation - Partners in Protection and
 
Control," Electric Forum, Vol. 4, No. 1, 1978.
 
5. 	Berkowitz, D., Jordan, S.A., and Nickel, D.L., Both Generating
 
and Non-Generating Utilities Can Benefit from the Use of the
 
Distribution Line Carrier System, Westinghouse Electric Co.
 
6. 	Berkowitz, D., Jordan, S.A., and Nickel, D.L., The Distribution
 
Line Carrier System - Versatile and Economical, Westinghouse
 
Electric Co.
 
Load Management and Load Control
 
7. 	Preiss, R.F., and Warnock, V.J., "Impact of Voltage Reduction on
 
Energy and Demand," Transaction Paper #78-015, IEEE 1978 Winter
 
Power Engineering Society Meeting.
 
8. 	Sella, R.A., Landgren, D.A., and Lokken, G., Wisconsin Electric
 
Power Company System Load Management Program, CP77-07, Wisconsin
 
Electric Power Co., Dec. 1977.
 
9. 	The Role of Load Management in Ontario, Report #ECD-78-6, Ontario
 
Hydro Energy Conservation Division, Load Management Dept.
 
10. Bowles, R.T., and Barron, W.L., Time of Day Update and Load
 
Management, EEl-System Planning Committee, May 1, 1978
 
(Florida Power Corp.).
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Ii. 	 Robinson, P.B., "Load Management System," Electric Forum, Vol. 3,
 
No. 4, 1977.
 
12. 	Berkowitz, D., Jordan, S.A.-, and Nickel, P.L., A Look at Load
 
Management for Non-Generating Utilities - Update, Westinghouse
 
Electric Co.
 
13. 	 Berkowitz,, D., Jordan, S.A., and Nickel, P.L., The Value of the 
Distribution Line Carrier System for Load Management, Westinghouse 
Electric Co. 
14.. 	 Philipp, H.D., Fernandez, R.A., and Rushden, F.A., Utility'
 
Responsibility for Load Manigement, IEEE Electro '77, Niagara
 
Mohawk Corp.
 
15. 	Kitching, H., "New.England Utility Uses Voltage, Current Waves for
 
Load Control," Transmission & Distribution, Sept. 197-7.
 
16. 	 Caldwell, R., Development and Design Criteria for Citywide Electric 
Load Management and Control Syiteks, American Public Power 
Association. 
17. 	Caldwell, R., "Utility Controlled Management of Industrial
 
Customers' Electrical Loads-" WATT'rC, Feb. 1978.
 
Dispersed Storage and Generation (DSG)
 
18. 	Miller, D.M., and Coleman, W.R., "Residential Electric Storage -

A Field Test Program to Measure Utility and Consumer Benefits from
 
Using Electric Thermal Storage Devices," Winter Power Engineering
 
Society Meeting, 1978.
 
19. 	 Kuliasha, M., "Impact of Thermal.Storage on the Electrical
 
Distribution System," Summer Transmission & Distribution IEEE
 
Conference. 1978.
 
Reliability
 
20. 	 "Distribution System Reliability Roundtable," Electric Forum,
 
Vol. 3, No. 4, 1977 (panel interview).
 
System Control and General DAC
 
21. 	 McCall, L.V., and Filter, R., Quantifying the Benefits of
 
Distribution System Automation, Canadian Electrical Association
 
Research Project 76-B, Ontario Hydro Research Division.
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22. 	 Schweppe, F.C., Tabors, R.D., and Kirtley, J.L., Homeostatic
 
Utility Control, MIT Electric Power System Laboratory, Nov. 1978.
 
23. 	 "G.E. Probes Substation and Distribution Automation," Transmission
 
& Disttibution, Sept. 1977.
 
24. 	 Croghan, J.F., Jenkins, D.R., Rushden, P.A., Bunch, J.B., and
 
Garr, G.P., "Probe - A Feasibility Demonstration of Substation 
and DistributionAutomation," American Power Conference, 1977. 
25. 	 Lokken, G., "Wisconsin Electric Takes a First Step Towards ADS,
 
Transmission & Distribution, Sept. 1977.
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